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BELDENAMEL* 
Magnet Wire 


105C (Class A), oleoresinous, P.E. 





Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. Low cost. 
2. Most uniform diameters of any film-coated wire (except CELENAMEL). 


3. Outstanding electrical qualities—continuity of film 
(mercury test)—voltage breakdown. 


4. Particularly suitable for paper section coils. 


5. Extremely close wire tolerances—uniformly accurate 
coil resistances. 


Other Magnet Wires— For Every Requirement 


105C (Class A), Viny! Acetal-Nylon—NYLCLAD* 

130C (Class B), Polyester-—BELDTHERM 

105C (Class A), solderable Polyurethane—BELDSOL* 

105C (Class A), solderable Cellulose acetate —CELENAMEL* 

180C -130C -105C (Classes H, B, & A) —-SQUARES & RECTANGULARS 





* Belden Trademark 
Reg. U.S. Pat. Off. 


One Wire Source for 
Everything Electrical and Electronic 


imine 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 
Welding Cable © Automotive Wire and Cable 
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In stock — ready for immediate 
delivery — the multi-purpose vacuum- 
tube voltmeter the whole industry has 
been talking about . . . the Du Mont 405. 


* 


SENSITIVE: 0.1 volt full-scale measure- 
ments on either ac or dc. Can 
measure as low as .002 volt dc 
or .01 volt ac. Measures full 
scale to 1000 volts dc or 300 
volts ac. 

ACCURATE: Overall accuracy +2% full- 
scale dc, +3% ac. 

WIDE RANGE: Voltage measurements from 50 
cps to 700 megacycles. 

VERSATILE: Suitable for safely measuring 
dc signals up to 1000 volts off- 
ground through isolation of cir- 
cuit from chassis ground. 

HIGH IMPEDANCE: 121 megohm dc input resist- 
ance to prevent circuit loading. 


DUAL INPUT: Second input available on front 
panel for accessory probe. 
Either input selected by front- 
panel switch. 


LOW DRIFT: Drift limited to +5 millivolts/- 
hour maximum. 


PROBE STORAGE: Front panel compartment for 
storage of probes and acces- 
sories. 


INSTRUMENT DIVISION, ALLEN B. DU MONT asenavonnes, me. 
l N S if R T M E N T 0 l y l S 0 N 760 Bloomfield Avenue, Clifton, N. J., U.S.A. 


NAME ... 
ALLEN B. DU MONT Lasoratories epeeane enue 


760 Bloomfield Avenue STREET ADDRESS 
Clifton, N. J., U.S.A 
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for instruments, timing devices, i ha al 


control apparatus and similar applications 
How to make 


motors last 
longer 


Careful maintenance is the 
best and least expensive 
way of getting dependable 
service and long life from 
your fractional horsepower 
electric motors. Here are 
maintenance suggestions: 


Be sure loads do not lock on 

reducer motors. Provide a 

friction clutch if there is 

any possibility that the 

driven shaft may be locked. 

Such locking will quickly 

build up a_ tremendous 

force within the reducer 

gears... causing them to 

strip or break. If you must 

use a flywheel, attach it to 

USE BODINE K-2 MOTORS [J 2h stnied imps 
motor shaft, not a low 

speed shaft. If a flywheel is 

] 37,” ° attached to a low-speed 

sheites: they re small, only 4 ve high shaft, it tends to heen this 
° e shaft turning after the 
instantly reve rsible motor has stopped. . . with 


the same effect as locking 
totally enclosed the driven shaft. 


1 Be sure your motor is properly 
/2000 to Ys00 horsepower rated for its job. If ae a 
essary to move your motor 
from one job to another .. . 
or to operate itcontinuously 
where previously you have 
wound motors manufactured today. It’s ideal for those ‘‘hard-to-get-at and “res besten it ea chant 
periods of time, be sure it 
. : is rated properly. For ex- 

It delivers considerably more power than “clock-type”’ motors, and it’s particu- ample, one type of motor 
larly well-suited for powering instruments, timers, controls... and similar is cated for intermittent 
; duty because the tempera- 


This Bodine Type K-2, ball bearing motor is among the smallest distributed- 


out-of-the-way” installations because of its small size and extreme dependability. 


equipment requiring relatively low output, and steady, trouble-free service. ture rise within the motor 
will not be excessive. If you 


put this same motor on a 
: continuous duty applica- 
or without speed reducers. Speed reducer models have high starting torque of tion, there will be an ex- 
not less than 150% of full load torque at room temperature. a a oe 

which will burn out the 
motor...or at least 
deteriorate the insulation. 


Bodine K-2 motors are available synchronous or nonsynchronous. . . and with 


Write for bulletin 1024A, 
‘Bodine Type K-2 Mofors’’. . . bulletin 10238, 


“Bodine Parallel Shaft Speed Reducer Moters”’ SS 7 Free copies of 
article on temperature 


rise measurements 
BODINE ELECTRIC CO., 2506 W. BRADLEY PL., CHICAGO 18 available 


Three of the fundamental 
methods for temperature 
rise determinations set up 


=e) LD I N = by the American Institute 


of Electrical Engineers are 


fractional / ; f 
horsepower ...the power behind the leading products discussed in the latest issue 
of ‘*“‘The Motorgram,” a 


NieKe)st— cy = Coane 


request. 


The Bodine line includes 265 different stock types and sizes ready for fast shipment. 
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Design better products with 


SILICONE-GLASS LAMINATES 


... high mechanical strength at Class H temperatures 


Installing silicone-glass laminate slot sticks 
in the stator of an Allis-Chalmers 2-hp, 3- 
phase, 1750 rpm motor. A typical appli- 
cation for this motor is on an oven door 
opening device where ambient temperatures 
are 250 F. Silicone insulation assures maxi- 
mum reliability, long service life. 


TYPICAL PROPERTIES 
OF SILICONE-GLASS LAMINATES * 





Flexural Strength, psi 
at 25C Fe P ial i. by alae Se 
at 260C after 100 hr at 260C 4,600 
Water Absorption, percent... 0.05 
Electric Strength, volts /mil 
nn ¢ +6 wie. bow. 6* @ 310 
after 200 hr at 260C .. 327 
after 5000 hr at 260C .. 180 
Dielectric Constant at 10? cycles 
a 3.70 
SS a 3.85 
Dissipation Factor at 10? cycles 
Condition A'. . .. . « 0.0024 
Condition D? . . . . . . 0.0084 





Insulating components made from glass laminates bonded 
with Dow Corning silicone resins provide the ultimate in 
dependable service and equipment life. Laminated parts, 
such as slot wedges, coil dividers, barrier insulation, axial 
spacers, and terminal boards retain their mechanical 
strength, high arc resistance, low loss factor and low 
moisture absorption even after prolonged aging at 250 C. 
Silicone-glass laminates are easy to machine, easy to install. 
Available in tubes, sheets, punched or molded shapes from 
leading laminators. Write for new brochure on “Silicone 
Insulating Components”. 


* As measured on samples 1/8 inch thick. 
1 As received. 
2 After 24 hr immersion in water at 23 C 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 


SILICONE VARNISH SPECIFIED FOR 
180 C AND 220C INSULATION SYSTEMS 


Dow Corning 997 Varnish has over 50 times 
the dielectric life of the best Class B 
varnishes at 200C. Impregnation with 997 
Varnish gives motors and transformers max- 
imum protection against overloads, many 
chemicals, corrosive atmospheres and other 
hazards. Silicone insulated dry-type power 
transformers are moisture resistant—do not 
require heating when de-energized. 


SILICONE-COATED CLOTH ASSURES 
RELIABILITY AT HIGH TEMPERATURES 


Slot liners made of glass-mica-glass or 
glass-asbestos-glass bonded with Dow 
Corning silicone resin assure maximum 
equipment reliability and long life by with- 
standing operating temperatures in the 
range of 250 C. Flexible and easy to install, 
the uniform thickness of this material 
assures high insulating efficiency. 


SILASTIC TAPE SEALS OUT MOISTURE, 
CHEMICALS, CORROSIVE ATMOSPHERES 


Wound on coils, insulating tape made with 
Silastic®, the Dow Corning silicone rubber, 
forms a resilient, moisture-proof jacket 
unaffected by most corrosive atmospheres. 
Serviceable from —90 to 250C with high 
resistance to arcing, ozone and corona, 
Silastic provides maximum protection against 
abrasion, moisture, shock or vibration. Send 
today for Free Booklet. 


Silastic wound coils on Allis-Chalmers “‘Silco-Flex’’ motor. 


For further information on these products write Dept. 459 
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Components, Electrical / Electronic Your Classification: 


Semiconductor Devices 


Silicon Power Rectifiers—A Survey 


A complete, comprehensive report on what is available today 
in the field of silicon rectifiers rated above 1 amp. All im- 
portant data on the units produced by the many various 
manufacturers are given in tabular form accompanied by a 
discussion of the meaning and importance of the various 
characteristics, 


John R. Riggs, Associate Editor 


Materials, Electrical /Electronic Your Classification: 


Magnetic Materials 
Materials, Mechanical Structural 
Metals 


Magnetic Properties of Stainless Steels 


Practical tips on selecting a corrosion-resistant steel with par- 
ticular magnetic (or non-magnetic) properties for structural 
and magnetic applications. Characteristics of austenitic, ferritic 
and martensitic alloys are compared. 


W. S. Eberly, The Carpenter Steel Company, Reading, Pa. 


Electrical Manufacturing 


Design Considerations Your Classification: 


Human Engineering 


Control Panel Design and 
Human Engineering 


Three articles emphasizing the importance of the human engi- 
neering approach to successful control panel design. 
1. Instrument Design for the Elimination of Errors in Use 
R. Bilinski, U. S. Navy Electronics Lab., San Diego, Calif. 
2. Five Elements of a Good Control Panel 
D. R. Witt, Imagination Unlimited, Minneapolis, Minn. 
3. Control Knobs for Military Electronic Equipment 
T. G. Nessler, Radio Corporation of America, Camden, 


N. J. 
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Basic Science and Engineering Your Classification: 


Mathematics 
Computers 

Computer Design 
Control 

Theory 


Designing Sequential Circuits 


Analyzing and synthesizing a circuit possessing memory (or 
whose state depends on “past history” as well as externally 
applied control) requires deriving not only the output equa- 
tions but also a feedback equation for each internal secondary 
control. Fifth of five articles on the “Engineering Applications 
ot Boolean Algebra.” 


Boris Beizer, Airborne Instrument Laboratories, Mineola, N. Y., 
and Stephen W. Leibholz, Republic Aviation Corp., Farming- 


dale, N. Y. 
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Control Your Classification: 
Systems & Servos 

Design Considerations 
Specifications and Standards 


Simplified Aircraft Electrical Diagrams 


Current practice in the aircraft manufacturing industry is 
compared with a greatly simplified method based on JIC 
Electrical Standards for Industrial Machinery. Problems cre- 
ated by the use of current graphic methods are cited and 
arguments given for the adoption of the proposed system. 


H. L. Yarbrough, Convair, a Division of General Dynamics 
Corp., San Diego, Calif. 
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Design Considerations Your Classification: 


Nuclear Radiation Effects 
Components, Electrical /Electronic 


Effect of High Intensity Radiation on 
Electronic Parts and Materials 


A preliminary report on effects of high intensity radiation on 
Signal Corps equipment. Components tested were meter 
switches, relays, capacitors, magnetic devices, transformers, 
resistors and rectifiers. Materials tested and described were 
casting resins, filler material, magnesium-manganese ferrite 
bodies, glass, selenium, silicon and germanium. Text is sup- 
ported by tabulated material and graphs. 


C. P. Lasearo and A. L. Long, U. S. Army Signal Research and 
Development Laboratory, Fort Monmouth, N. Y. 


Electrical Manufacturing 1958 September p 119 3 pp 
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@ Quick interpretations of feature article content 





@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Production and A bly Techniq Your Classification: 
Embedded Circuits and Components 





Processing System for Optimum 
Design Use of Casting Resins 


Difference between failure and success in a circuit resin em- 
bedment or components encapsulation may lie in the selection 
and proper use of the optimum resin-handling system, Various 
commercial machines are described. Associated data on molds 
and on working environments are provided. Costs of batch, 
semi-automatic and automated processes are compared. 


W. A. Gammel, Sr., Project Engineer, R-B-M Division, Essex 
Wire Corp., Logansport, Ind. 


Electrical Manufacturing 


Controi 
Case Histories 

Components, Electrical Electronic 
Semiconductor Devices 

Design Considerations 
Packaging, Electronic 


Your Classification: 


Transistorized Computer Modules 
in Machine Tape Control 


Design details of the Numill numerical control system (incor- 
porating an optical measuring system with 0.0002-in. resolu- 
tion) that uses off-the-shelf modules to reduce specialized 
engineering for a particular application to the design of a 
wiring harness and selection of drive elements. 


P. F. Fischer, Autonetics Div. of North American Aviation, 
Inc., Downey, Calif. 


Electrical Manufacturing 


Components, Electrical / Electronic 
Printed Circuits 

Production and Assembly Techniques 
Printed Wiring 


Your Classification: 


Check for Accuracy of Printed 
Circuit Transparencies 


Dimensional and exposure accuracy of printed circuit trans- 
parencies can be checked conveniently and rapidly. A checking 
technique employing reduced negatives and the moire effect 
is outlined, 


C. J. Taylor, Air Arm Div., Westinghouse Electric Corp., 
Baltimore, Md. 


Control Your Classification: 


Systems & Servos 
Design Considerations 
ermal Design Factors 


Non-Linear Transistor Compensation 
in High-Gain Servo 


The design details and application data are given for a 
compact d-c servo drive unit having broad flexibility in both 
its electrical and mechanical characteristics. Diode tempera- 
ture compensation in the transistor amplifier was the key to 
the efficiency obtained, and the theory of this circuit approach 
is presented. 


Staff Report 
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Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Design Considerations 
Thermal Design Factors 


High Voltage Transistor Regulated 
Power Supplies 


Applications for silicon and germanium transistors as voltage 
regulators. Circuit analysis and step-by-step design procedure 
including considerations of temperature effects on Zener refer- 
ence diodes and on transistor stability. 


M. Mamon, Polarad Electronics Corp., Long Island City, N. Y. 


Electrical Manufacturing 1958 September p 106 4 pp 


COMING UP... 


The September issue will present an article on Space Environ- 
ments as They Affect U.S.A.F. Equipment . . . Purged En- 
closures for Explosive or Inflammable Atmospheres 

Solving Transfer Functions on Analog Computers . . . Ther- 
mostat Bimetal Beams . . . Static Switching Control Design 
and a report on International Standards 
on Dielectrics from the recent Stockholm meeting . . . also, 
Static All-Transistor Voltage Regulator . 
Magnetic Amplifier Application . 


Considerations . . . 


. . Nomograph for 
. . Properties and Testing 
of Gaseous (Dry) Dielectrics . . . Automatic Circuit Analyzer 

. the use of Titanium in Original Equipment . . . and the 


method of Least Squares in linearity testing. 
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WESTON INSTRUMENTS: STANDARDS OF STABILITY IN SCIENCE AND INDUSTRY 


ee 
een & eee a 


~ 250° SCALES MEAN GREATER READABILITY 
FROM EACH SQUARE INCH OF PANEL SPACE 


Weston’s new series of Long-Scale Instruments now 
fills the requirements of a wide variety of special 
applications. Rugged, spring-backed-jewel mecha- 
nisms are self-shielded for immunity to the effects of 
stray magnetic fields. The instruments may be 
mounted without concern for panel thickness or ma- 
terial. Thus, exceptional stability (both mechanical 
and electrical) teams up with unequalled readability 
for a new high in panel instrument value. Accuracies 
are within +1% of full-scale range. 


Weston Long-Scale Instruments are available in 
Aircraft and Standard Flanged cases for a wide range 
of current, voltage, tachometric and temperature 
indications. Consult your local Weston representative 
for complete details on Long-Scale Instruments . . . 
or write for Catalog A-50. Address: Weston Instru- 
ments, Division of Daystrom, Inc., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 10, Ont. Export: Daystrom Int’l., 100 
Empire St., Newark 12, N. J. 


Jake aabasilage ye Cestons cenveesteallyy Jest, praiiyge service, / 
WESTON 
eid mettlae 
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Patents Lag 
Research Progress 


The patent system is not fulfilling its 
constitutional purpose of promoting 
science. Since the turn of the century, 
science activity (in terms of research 
personnel and research expenditures) 
has increased manifoldly; in contrast, 
the number of patents granted annually 
has increased but slightly. Apparently, 
the boom in research has taken place 
without the benefit of our patent sys- 
tem. These conclusions are implicit in 
a current report, “The Impact of the 
Patent System on Research,” by Sey- 
mour Melman, released by the Senate 
Subcommittee on Patents, Trademarks 
and Copyrights. What is the explana- 
tion? 

e The team approach in modern re- 
search makes it difficult to establish 
a claim to “originality” and conformity 
to the other requirements demanded 
by an “outmoded” patent law. 

e The lone inventor, working on his 
own, is practically obsolete. 

e With but few exceptions, scientists 
are salaried individuals who integrate 
their work into the activities of cor- 
porate or university scientific staffs. 
Whose invention or discovery is whose 
may be impossible or impracticable to 
determine. 

In the opinion of the author of this 
report, the static position of patents 
granted is no threat to future research. 
In fact, research is primarily motivated 
and stimulated by competitive commer- 
cial pressures in new products and 
processes as such. The first objective 
is to develop better products as quickly 
as possible. The technical and scientific 
leadership of a company depends on 
research speed rather than on patent 
protection. “The main impetus for 
promotion of science and the useful 
arts will come, not from the patent 
system, but from forces and factors 
that lie outside the system.” 

In fact, the elimination of the pres- 
ent patent system, it is suggested, may 
help the quality and push the scope of 
research to even greater heights. 


SEPTEMBER 1958 


Documentation 
in Engineering 


Research in documentation in engineer- 
ing is being supported this year by 
an initial grant from the Engineering 
Foundation to a joint project spon- 
sored by the AIEE, ASCE, ASME, 
American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, 
American Society for Metals, and 
Western Reserve University where the 
Council on Documentation Research 
was established in 1956. 

Long-range objective is to stimulate 
research and development in this field, 
encourage the cooperation of those 
actively concerned with documentation, 
and particularly to make the mounting 
volume of literature being published 
at present more readily available to 
practicing engineers. 

The foundation has allocated grants 
totaling $71,500 to various research 
projects for the 1958-1959 fiscal year. 


Acoustic Radiator for 
High-Intensity Noise Studies 


Effects of high-intensity noise on com- 
ponents and structures of missiles and 
jet aircraft can be researched by means 
of a 150-lb, 1000-watt loudspeaker 
designed by Stromberg-Carlson for 
Convair, San Diego, Calif. 

Bass response extends from the 
lower limit of audibility to 300 eps. 
Dynamic system includes a powerful 
24.5-lb ring magnet of Alnico V, which 


produces a total flux in the air gap of 
696,000 maxwells. The heavy-duty 
cone is specially mounted to permit 
a 2-in. excursion. Special high-temper- 
ature materials provide for continuous 
operation at temperatures up to 500 
F. Coil is fan-cooled. 

High-powered compression driver 
and coaxial horn take care of the mid- 
range (300 to 2400 cps). Thus, the 
speaker reproduces the first six stand- 
ard octave bands, as defined by the 
American Standards Association. 

Although in the initial research there 
was no need for reproducing sounds 
at the extreme upper end of the 
audible frequency spectrum, Strom- 
berg-Carlson has designed, and is now 
producing, associated units to extend 
the range to 15,000 cps. Thirteen of 
these “tweeters” will be utilized. 


Increased Test Facilities for 
Irradiation-Effects Studies 


Third Symposium on Radiation Effects 
on Materials, held recently by the 
Atomic Industrial Forum and ASTM 
Committee E-10 on Radioisotopes and 
Radiation Effects, disclosed important 
advances in design of nuclear reactors 
and an increase in associated irradia- 
tion facilities. Here are the highlights 
of the reports presented at the sym- 
posium: 

e Sandia’s Engineering Reactor Facil- 
ity has a radiation room directly under 
the reactor proper in which large 
pieces of machinery can be irradiated. 
Space is also provided for pre- and 
post-irradiation testing. 

@ The Engineering Test Reactor 
(ETR) in Idaho has nine major irra- 
diation facilities, ranging from one 
that is 9 in. square to four that are 
3 in. square, incorporated directly in 
the reactor core. 

e The Canadian research reactor 
(NRU) at Chalk River is designed for 
high heat output and easy replacement 
of irradiated materials without inter- 
rupting reactor operation. 

e An in-pile fatigue-testing apparatus 
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Research 
Horizons 





at Syracuse University makes it pos- 
sible to conduct fatigue tests within a 
nuclear reactor under controlled strain, 
frequency, 


temperature and_ environ- 


ment. 


Research Program in 
Zinc and Cadmium Sulfides 


An intensive investigation of the di- 
electric and effects in 
zinc sulfide and cadmium sulfide will 
be conducted by the electrical engi- 
neering department of Northwestern 
University Technological Institute un- 
der Wright Air Center 
sponsorship. 

Dielectric constants will be studied 
2s functions of temperatures from the 
extreme low liquid helium to a high 
of 1000 C. Test frequencies will extend 
to the microwave range. Piezoelectric 
effects will be studied as a function 
of temperature and crystal orientation; 
and optical-electrical effects, dielectric 
constant and dielectric loss as a func- 
tion of the deviation of the crystals 
from stoichiometric equilibrium. 

Also investigated will be the in- 
fluence of light as well as that of 
X-rays, beta rays, and gamma _ ray 
radiation on the dielectric properties 
of the sulfide crystals. 


piezoelectric 


Development 


Joint Industry Group Studies 
Compound Semiconductors 


Two-year research program in com- 
pound semiconductors for high-temper- 
ature applications as transistors and 
rectifiers has recently been launched 
at Battelle Memorial Institute. The 
ability of such semiconductor mate- 
rials to operate under nuclear environ- 
ments will also be investigated. The 
effect of nuclear radiation has been a 
critical problem with other semicon- 
ductor materials. 

Three compounds been pin- 
pointed for this investigation—indium 
phosphide, gallium arsenide, and alu- 
minum antimonide. Research work 
accomplished up to now at Battelle 
and other laboratories indicates that 
the properties of compound 
semiconductors may make it possible 
to use them in 
manium and silicon materials present 
inherent limitations. 

Seven companies are jointly sponsor- 
ing this program: Erie Resistor Corp., 
General Electric Co., International 
Business Machines Corp., Ohio Semi- 


have 


these 


devices where ger- 


conductors, Inc., Philco Corp., Sarkes 
Tarzian, Inc., and Texas Instruments, 
Inc. 


Organotin 
Plastics? 


A major research development looms 
on the horizon—new 
ganometal polymers that may be able 
to meet the growing and complex 
needs for extreme physical strength 
and elevated temperature resistance. 


classes of or- 


Space Technology Tool: Heavily instrumented tube section of the 6-in. x 120-ft shock 
tunnel in General Electric’s Aerosciences Laboratory in Philadelphia. Tunnel is 
used for high temperature and high speed (aerothermodynamics) studies. Mach 15-25 
air blasts, compressed and driven down the tube by exploding gases, flow through 
an expansion nozzle into a large reservoir which contains the test specimen. Air 
temperature reaches 18,000 F; pressures, 5000 psi. Flow patterns set up by the 
rapidly moving gases yield data for use in spacecraft design. Test information is 
recorded primarily by means of Schlieren photography. 
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The widely used silicones (in various 
forms of resins, elastomers and fluids) 
now constitute an almost classic ex- 
ample of such materials. But work is 
going on at an accelerated pace that 
may culminate in other compounds in 
which the basic structure embodying 
metal-to-carbon bonds may account for 
new and assiduously sought properties. 

Organoboron already 
under investigation for several years, 
offer some tantalizing prospects, owing 
to elevated temperature resistance, but 


compounds, 


have still some serious limitations to 
be overcome. Research in organotin 
compounds in particular may provide 
some rewards 
organosilicons, 


unusual analogous to 


since tin resembles 


silicon in many reactions, 


Polyethylene-Butyl Rubber 
Flame-Retardant Cable Sheath 


New flame-retardant sheathing 
pound for electrical wire and cable 
(identified as Roseal) is a_ poly- 
ethylene-butyl rubber resin described 
as being completely resistant to en- 
vironmental stress cracking. The usual 
characteristics of 


com- 


desirable electrical 
polyethylene are retained. 

Other advantages of the new mate- 
rial are enumerated as follows: high 
resistance to oils, chemicals, flames, 
and corrosive fumes; greater moisture 
resistance than nonmetallic 
sheaths; easier pulling because of its 
waxy construction; trouble-free instal- 
lation at temperatures as low as 55 C, 
and resistance to termite attack. 

Excellent flame resistance properties 
indicate the use of the new compound 
in control, appliance and communica- 
tion fields as well as for power wire 
and cable. 

A United States patent for the new 
material has been granted to Rudolph 
A. Schatzel, vice president of engi- 
neering and research director of Rome 
Cable Company, Rome, New York, to 
whom the patent has been assigned. 
The new material has been tested in 
this company’s research laboratory and 
in service both as an insulation and a 
sheath material. 


other 


Human Factors in 
Missile Design 


Increasingly, human factors studies are 
incorporated in the design of missiles 
equipment. The 
applications range from the assembly 
of electrical systems to the engineering 
of test control consoles. 


and supporting test 


Here is a rundown of the human 
engineering support given to a test 
firing from Cape Canaveral last April 
in connection with the Polaris missile, 
as reported in the June issue of the 
Naval Human Engineering Bulletin: 

1. The test director’s console was 
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developed through the joint ef- 
forts of Lockheed human engi- 
neers, test base personnel and 
design engineers. 

2. The console was a new item of 
equipment which was human en- 
gineered from the initial design 
phase. It is particularly significant 
that human engineering was not 
provided for retrofitting an exist- 
ing piece of equipment. 

Human engineering inputs were 
made and incorporated within the 
design schedule through the close 
cooperative efforts of Lockheed 
Missile System Division human 
engineers and design engineers. 


Research Note 


New Temperature-Aging Data on Aluminum-Clad 


ELEVATED-TEMPERATURE AGING TESTS on 
aluminum-clad copper wire, first announced 
by Materials Engineering Department of 
Westinghouse Electric Corporation in 1956, 
have been continued over the past year. 
The new data, comparing the character- 
istics of this new conductor material with 
copper, are presented here. The results of 
the first preliminary aging tests were pub- 
lished in ELECTRICAL MANUFACTURING, June 
1957, pp 164-6, and September 1957, p 129. 

Aluminum-clad copper represents only a 
first step in the overall program to develop 
satisfactory elevated-temperature conduc- 
tors: its useful service temperature range 
has been determined to extend from 100 to 
300 C (212 to 572 F). 


® Basis of Comparison 


The calculated per cent increase in re- 
sistance of 1000 ft of 48-mil diam bare 
aluminum-clad copper wire is compared to 
that of 45-mil diam bare copper wire. 
Normal resistance of each of these wires 
is 5.100 ohms. The data were obtained by 
periodically measuring the resistivity of 


C (932F)|_ 


400 C (752 F) 


Aluminum -clod copper wire 


in room=- temperature resistance 


300 C (572 F) 
250 C (482 F, 


increase 


200 C(392F) 
/50 C (302 F) 


Per cent 


0 


Oo 8 6 24 32 40 48 56 
Aging time, weeks 


Fig. 1 


No delays were encountered as 
a result of human engineering 
activity. 

. A member of the Lockheed human 
engineering staff was present in 
the blockhouse during the launch- 
ing and evaluated the use of the 
test director’s console. 

. The test vehicle itself carried 
color-coded electrical and _hy- 
draulic lines which facilitated the 
assembly and checkout of the 
missile prior to launching. 

The Polaris missile is under develop- 
ment by the Lockheed Aircraft Cor- 
poration under direction of the Special 
Products Office, Bureau of Ordnance. 


each of the two materials at room tem- 
perature before and after aging. All resist- 
ance calculations were based on original 
dimensions of the wires compared. 


@ Results of Aging Tests 


Figure 1 shows the results of elevated 
temperature-aging tests that were made as 
a continuation of the previously referenced 
work. 

The same pattern of behavior noted be- 
fore is also evident in these longer tests. 
Most striking are the 300 C (572 F) 
curves for each material. This temperature 
appears to be a reasonable maximum serv- 
ice temperature for aluminum-clad copper 
but, for copper, it is evidently too high 
for any useful life. 

The data presented in Fig. 1 represent 
permanent damage while those in Fig. 2 
show the temporary change in electrical 
resistance due to temperature rise. The 
expected linear relationship between re- 
sistance and temperature is apparent. 

During aging at indicated temperatures 
for a year, the aluminum-clad copper 


Copper wire 


in room-temperature resistance 


250 © 


c 


150 C 


Per cent increase 


100 C 


Oo. 68 16 24 32 40 48 56 


Aging time, weeks 


-Per cent gain in room temperature resistance of 1000 ft of bare 48-mil diam 


aluminum-clad copper wire and of bare 45-mil diam copper wire after aging at indi- 
cated temperatures. Normal resistance of 1000 ft of each of these wires is 5.100 ohms. 
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Special Cable Design 
for Submerged Motors 


Insulated cable structure, designed 
specially for use with submerged mo- 
tors, utilizes a combination of fluoro- 
carbon tape as the dielectric, silicone 
oil fill for thermal protection and as 
a moisture barrier, and a polyurethane 
jacket to resist both thermal and abra- 
sion effects. This cable, developed by 
the Norddeutsche Seekabelwerke A. G. 
in Germany, is claimed to exhibit an 
optimum combination of properties to 
provide a high degree of insulation 
resistance, high resistance to the effects 
of elevated temperature and humidity, 


Copper Wire 


changes gradually from its normal bright 
surface to a dull sheen at 300 C (572 F),a 
brittle dark-grey at 400 C (752 F), and a 
black oxide at 500 C (932 F). Presumably, 
sufficient diffusion has occurred to bring 
copper to the surface to form black copper 
oxide. The copper wire, of course, oxidizes 
readily at 150 C (302 F) but does not 
flake off until 200 C (392 F) is reached. 
Size of the wire is progressively reduced 
as more oxide forms and flakes off. 


@ Future Development 


Work is continuing to reduce the rate 
of mutual metallic diffusion that limits 
the application of this composite wire so 
that its useful service temperature range 
of from 100 to 300 C may be increased. 


Cc. L. CARLSON 

Materials Engineering Department 
WEsTINGHOUSE ELEctTRIC CORPORATION 
East Pittsburgh, Pennsylvania 


200 


180 


20 


Per cent increase in elevoted temperature resistance 


fe) 100 200 300 400 500 

Temperoture, deg C 
Fig. 2—Per cent gain in resistance of 
1000 ft of 48-mil diam aluminum.clad 
copper wire and of 45-mil diam copper 
wire at elevated temperatures. The 
elevated temperature resistances of the 
two materials tested are nearly, if not 
actually, identical. 
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Research 
Horizons 





and freedom from hygroscopic action. 

The attached diagram identifies the 

elements in the cable structure: 

1. Conductor, 

2. Windings of TFE-fluorocarbon 
(polytetrafluorethylene) tape, 
Polyurethane jacket, and 

. Silicone oil in the interstices of 
the TFE-fluorocarbon tape wind- 


ws 
ings. 


“Research Note 


ENVIRONMENTAL CONDITIONS under which 
switching must take place are becoming 
more and more severe with each new de- 
sign being proposed by the aircraft man- 
ufacturers. Although the operating tem- 
perature limitation of unsealed limit 
switches on the market today is in the area 
of something over 1000 F, special work is 
being done to try to produce a fully sealed 
switch capable of operating at temperatures 
approaching this level and maybe even 
higher. Certainly, the recent award of a 
contract for a chemically powered bomber 
capable of flying over 2000 miles per hr 
establishes a very real need for such 
sealed, high-temperature switches. 


e In addition, the work being done with 
nuclear reactors calls for careful selection 
of materials that will not deteriorate when 
used near such reactors. 


e Following is a partial list of the new 
problems that are being introduced daily 
to challenge the switch designer’s in- 
genuity: 


Continuously increas- Mounting space 
ing high tempera- requirements 
ture Dry circuits 

Operation under Unusually high 
nuclear radiation current 

Operation under cos- Higher voltage 
mic radiation High altitudes 

Heavy physical vi- Panel space _re- 
bration quirements 

Intense shock Extremely low 

Audio or white noise temperature 
vibration 


e To assure reasonable 
an airborne vehicle, a 
99.975 per cent perfect was re- 
cently specified on an assembly. Two 
hundred and fifty components were to be 
switched from one set of transducers to 
a second set. Power was less than 5 volts 
at 10 microamp. The reliability percentage, 
which allowed 25 failures in 100,000 opera- 
tions, was applicable not only to the 250 
switches, but also to the 11 solenoids which 
operated the switches, more than 1600 
soldered connections, and 800 plug con- 
nections. After taking into account the 
possible failure of adjusting and mounting 
screws, shafts, bearings, springs, and the 


success of 
reliability of 
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Nylon may be used instead of poly- 
urethane for the jacket, polytrifluoro- 
monochloroethylene as an alternative 
material for the primary dielectric, 


Sectional drawing is 
from the French patent application; 
original patent was applied for in 
Germany. 


reproduced 


Switch Design of Tomorrow 


parts previously mentioned, it would ap- 
pear that there was almost no allowance 
out of the 25 possible failures for failure 
of any of the precision switches. This de- 
reliability is delivered. 


gree of being 


e It is probable that the degree of re- 
liability presently being obtained will be 
unsatisfactory in future 
ments, Steps are already being taken to 
eliminate the use of wires, and to substi- 
tute in their place current carrying ele- 
ments that can be more reliably installed 
to connect the basic switches to the plug 
elements. It is hard to assign any number 
to the degree of reliability which can be 
obtained in these types of devices by per- 
fection of design and manufacturing 
processes, but it is certainly recognized 
that some result. 


switch require- 


improvement can 


e Present-day pressure suits for air- 
craft pilots (including the experimental 
suits) prevent him from operating switches 
placed on side walls or ceilings of cock- 
pits. During recent discussions it has been 
pointed out that foot-operated switches may 
be a definite possibility. Such an arrange- 
ment, however, is subject to debate; false 
starts are likely before success is obtained. 
Encapsulation of the pilot in an ideal 
environment, thus eliminating pressure 
suits, has been proposed. The entire cap- 
sule would be jettisoned if the pilot were 
forced to bail out. Control of the aircraft 
from within the capsule would rule out 
ordinary control sticks, rudder pedals, 
power levers, and switches. 


e This system would, perhaps, call for 
the use of proximity switches such as are 
currently incorporated in machine tools. It 
seems entirely possible that proximity 
switches could be placed outside the cap- 
sule so the pilot could obtain switch op- 
eration simply by bringing the proper ma- 
terials on the inside wall of the capsule 
in close proximity to the sensing head, 
which would be outside the capsule. 
This would allow ejection of the capsule 
without disconnecting any switch wires 
from the vehicle wiring system. This pro- 
posal assumes that the switching of servo- 
motors would substitute for all control 
levers necessary to flight. 


Department of 
Design for Millennia 


Completely automated chemistry lab- 
oratory system (the Analmatic devel- 
oped in England by Baird and Tatlock 
Ltd.) is said to be able to collect 
samples; mix and meter reagents and 
samples; run color, titration, poten- 
tiometer and other tests; graph results; 
agitate and heat solutions; wash all 
equipment; sound a warning signal for 
below-par samples; make automatic 
corrections in test processes. 

Bet there’s one thing it can’t do— 
operate a continuous coffee break util- 
izing lab retorts for brewing and 
dubiously washed beakers for cups! 


—A.E.J. 


e It seems conceivable that the multi- 
tude of circuits which must be switched 
and the routine operations to be performed 
during various stages of aircraft operation 
might be accomplished by preselection of 
each of these stages. For example, a 
single control knob might be placed on the 
pilot’s control panel and labeled as follows: 


Start 5. Climb 9. Land 
2. Warm-up 6. Cruise 10. Taxi 
3. Taxi 7. Hold 11. Stop 
. Take off 8. Let down 


This knob would be used as the 
primary controller for a remote switching 
unit. This unit would be equipped with 
switches, servos and timing devices to in- 
sure proper sequential operation of land- 
ing gear, flaps, power reduction, landing 
lights, booster pumps, etc. Certainly the 
suggestions made are subject to debate, 
but on the other hand, it doesn’t seem to 
be too farfetched to suggest that while 
running through the check-off list, the 
pilot could dial into the computer or se- 
lector switching arrangement runway con- 
ditions, weather conditions, fuel on board, 
gross load, and other parameters which 
might affect the flight of the plane. 


e@ Switches that did a good job in the 
early 40’s are not capable of filling present 
demands. Undoubtedly, today’s switches 
will seem crude and inadequate in ten 
years. Precision switches are not simple de- 
vices. Outward appearance does not reveal 
their capability, nor the engineer’s high 
degree of ingenuity, technical knowledge, 
and inventive development necessary to 
perfect such a unit. The real capability 
can only be determined through extensive 
use of laboratory equipment and constant 
control of manufacturing processes. 

Acknowledgment: Condensed by the 
author from his AITEE paper under the 
title “Switching From Now to the Future,” 
presented before the Southwest District 
Meeting, Tulsa, March 28-April 2, 1958. 

R, R. JENNER 

Director of Airborne Projects 

Micro SwitcH 

A Div. oF Mtnneapouis-HONEYWELL 
Recutator Co., 

Freeport, Illinois 
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ALLEN-BRADLEY electronic components 


The standard of quality for 
long life and dependable performance 


HOT MOLDED COMPOSITION 
RESISTORS—Quality standard of 
the industry. Rated at 70 C, in 2, 
1, 1/2, 1/4, and 1/10 watts. Res. 
to 22 meg. Tol: 5, 10, and 20%. 


INDUSTRIAL—Type H with solid, 
hot molded resistor element. 
Quiet, improves with use. Life 
ever 100,000 cycles. Rated 5 
watts, 40°C; and 3 watts, 70°C. 


FERRITES 


TV CORES, including lightweight 


flared yokes; U, L, and O cores 
for color convergence; U and E 


flyback cores; and others. All 
have uniform magnetic properties. 


Gp 


CERAMIC DIELECTRIC capacitors 
of superior quality, in a wide 
variety of types—GP (single and 
dual) — with no “rundown” on 
leads. Also, as TC and stable. 


Allen-Bradley Co. 
1309 S. First St. 
Milwaukee 4, Wis. 


In Canada: 


Allen-Bradley Canada Ltd. 


Galt, Ont. 
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HERMETICALLY SEALED in ceramic 
tubes. Solid, hot molded resistor. 
less than 1% resistance change 
after 250 hr, 95% rel. hum., 40°C. 
Resistance values to 22 megohms. 


ep 


STANDARD—Type J. Solid molded 
element. Quiet, reliable. Rated 2 
watts, 70°C. Values to 5 meg.— 
less than 10% change in 100,000 
cycles. Exceeds MIL-R-94B. 


FILTERS 


HIGH FREQUENCY low pass cas- 
caded ceramic filters for elimina- 
tion of radiation. Max ratings: 
500 v DC at 125°C; RF current 
0.25 amp; DC or LF current 5 amp. 


METAL GRID PRECISION RESIS- 
TORS—Hermetically sealed. Non- 
inductive. 1, 1/2, And 1/4 watts 
at 100°C. Tolerances 0.1% to 
1.0%. Temp coef. + 25 PPM/°C. 


=TERS 


HIGH TEMPERATURE—Type K. 
Similar to Type J but rated 3 
watts, 70°C; 2 watts, 100°C; and 
1 watt, 125°C—derate to zero at 
150°C. Many types and tapers. 


POTENTIE 


PRINTED CIRCUIT TYPE—Solid 
molded element. Rated 1/4 watt 
at 70°C. Type F is only 1/2” in 
diam. Screwdriver adjustment. 
Total resistance values to 5 meg. 


CAPACITORS 


CERAMIC ENCASED capacitors for 
use where reliability and superior 
performance at high temp are 
important. Rated 500 v DC at 
150°C. Tol: 5%, 10%, and 20%. 


FEED-THRU & STAND-OFF dis- 
coidal capacitors for VHF and 
UHF range. No parallel resonance 
effects at 1,000 Mcps or less. 
Nominal values 4.7 to 1,000 mmf. 


ALLEN- -BRA 


=> WUALITY 


COPPER CLAD—Metal panel 
mounting, insulated composition 
resistor supplied in two ratings: 
3 and 4 watts at 70°C, and 4 and 
5 watts respectively at 40°C. 


MINIATURE—Type G. Solid 
molded element. Only 1/2” in 
diam. Plain or lock bushing; also 
with line switch. Rated 0.5 watt 
at 70°C. Values to 5 megohms. 


METERS 


THIN TYPE—Uses molded cover 
as actuator. Type T has solid 
molded element. Rated 1/2 watt 
at 70°C. Life in excess of 50,000 
cycles. Total values to 5 megohms. 


BARE DISC ceramic capacitors for 
direct mounting in printed circuit 
boards. Mechanically strong to 
avoid breakage in handling, in- 
stalling, and soldering. 


LEY 
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17 light-yeats 


As everybody knows, space ships 
travel by cutting magnetic lines 
of force... and a supply of good 
permanent magnets is a “must” if 
you’re going to make with the 
E=-mc? in outer space. (Techni- 
cal details on this are not quite 
ready for release.) 

This wandering spaceman 
from Planet Plexippedes was 
making a routine flight over Cali- 
fornia and forgot to watch his 
flux density indicator. Suddenly 
—no power ... and he had to 
limp home on his auxiliaries, to 
face an irate wife. 

Too bad nobody told him 
about Thomas & Skinner’s com- 
plete line of magnetic materials 
—permanent magnets, wound 
cores, laminations and SiFeMag 
tapes. T & S magnetic materials 
have proved ideal in literally 
thousands of industrial applica- 
tions. No reason why they 
wouldn’t be ideal for space ship 
installations, too. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets 9) Magnetic Tapes OS 
Laminations & and Wound Cores GY 


1114 East 23rd Street, Indianapolis 7, Indiana 
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Pius or Minus 


Random Comments of the Editors and Readers 


Housewife’s Well-Being 


“Comfort, general well-being and 
joie de vivre depend upon the electrical 
equipment of the home.” So says the 
Domestic Electrical 
ACEC (Ateliers De 
Electriques de Charleroi, Belgium). In 
its “illustrated synthesis” of its activi- 
ties, ACEC includes in those products 
that contribute to the housewife’s well- 
being such domestic electrical appli- 
ances as food mixers, coffee mills, air 
extractors, deodorizers, hand driers and 
a small motor drive for “your good old 
sewing machine.” 

Under “home comfort” ACEC illu- 
strates radio and television 
and portable magnetic 
bring to the home unequaled comfort 
in which “it is good to be alive.” 

Actually, ACEC is one of the largest 
European firms manufacturing electri- 
cal, electronic and nuclear equipment. 
Its complete line includes equipment 
for power stations and substations and 
electrical equipment for heavy indus- 
trial applications in mines, steel works, 


Constructions 


Department of 


receivers 
recorders to 


petroleum plants and marine equip- 
ment. It makes a complete line of 
motors from a 24-watt universal micro- 
motor to 20,000 hp. From this listing 
we discovered that there is no French 
equivalent for one type of single-phase 
motor, namely, moteur shaded-pole pour 
aérateurs. Servo, synchro and radar are 
other words that have no French equiv- 
alents, and “home” is home whether in 
the U. S. or La Belle France. F.J.O. 


Tilt! 

The New York Times reports a recent 
invention intended to demonstrate 
probability concepts: “Mr. Lusser’s de- 
vice is a glass tube containing steel balls 
each representing, for 
component of a system or of a com- 


instance, one 


plete missile. The surface of each ball 
is coated with a dot of insulation pro- 
portional in size to the probability of 
failure of that component. The balls 
are dropped in at random, and if no 
insulation separates any two, an elec- 
tric circuit is completed and a light 
burns. This illustrates the successful 





QUOTES AND QUESTS 


e Reliability 
“How right you are, in your editorial 
‘Simplicity Does It’ (May °58). If you 
will now publish an article on reliability 
you will have done a great service. Sim- 
plicity-Reliability! Are they gone from the 
domestic scene like the five-cent ice cream 
cone?”—Harry E. V. Jost, Shillington, Pa. 
Mr. Jost included with his letter a copy 
of an address by H. Thomas Hallowell, 
Jr., president of Standard Pressed Steel 
Co., on “Reliability, New Need of Manage- 
ment,” which included observations such 
as: “The Atlas missile is reputed to have 
306,000 separate components. If we as- 
sume that all are vital to success—for the 
Atlas to be on target 9 times out of 10— 
each part has to have a reliability of 
99.99996 per cent! [Conversely] Atlas 
builders would have to limit themselves to 
411 critical components per unit to have 
even one chance in ten of getting a missile 
to its destination if the component re- 
liability factor were only 99.44 per cent.” 


@ Decimal Circle Division 

“Numerical control of rotary motion, 
such as with an indexing table on ma- 
chine tools, is still a very unsettled field, 
but agreement on certain standard features 
is slowly emerging. First, 42-in. table dia- 
meter has practically become standard. 
Second, the division of the circle into the 
usual degrees, minutes and seconds of arc 
has been replaced with the division of the 


circle into increments carried out to 6 
decimal places. These millionths parts of a 
circle can be calculated on a computer to 
7 decimal places for the greatest accuracy. 
One of the jet engine companies is already 
producing their drawings with the decimal 
locations thereon, and machine tool com- 
panies are already beginning to produce 
index tables using the decimal system. 
It is interesting to note too that the same 
types of angular-location servos as used 
for gunfire control can be adapted to 
angular positioning of machine tool rotary 
tables although the accuracy requirement 
in the latter case is much _ higher.”—H. 
E. Grimes, The Avey Division, The Motch 
& Merryweather Machinery Co. 


e Open Phase Indicator 
“Several times 
asked to provide a controller that might 
detect and either shut off or signal (or 
both) the opening of one phase of a three- 
phase motor circuit. We have no such 
product, and do not know of one being 
made. It is the purpose of this letter to 
ask if you have knowledge of such a con- 
troller.”—Ralph ©. Gardner, The Ralph 
C. Gardner Co., Lima Road, Fort Wayne, 
Indiana. 


recently we have been 


Readers are invited to air their “who makes 
it” and “why don’t they” 
wers and comments are also welcome. 


problems, Ans- 
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SHIFT 
REGISTERS 


for aircraft SPRAGUE MAGNETIC SHIFT 
— REGISTER ASSEMBLIES get 
for missiles the full treatment! Every component 


that is used in their construction is 


for computers carefully checked for performance 
for controls : and reliability. Only the very best 


get by. All complete assemblies are 
100 % pulse performance tested be- 
fore they leave the plant... assuring 
on-the-job reliability and long reg- 
ister life...at the least possible cost. 


Sprague register assemblies match- 
ed to your specific application re- 





quirements are your best buy! You 
get just the right case styles, type of 





sealing, number of stages, read and 





write provisions you need. Standard 
designs are easily modified to meet 
most system requirements. For Data 
Sheets on core-diode type magnetic 
shift register assemblies, write the 





Technical Literature Section, 
Sprague Electric Company, 
307 Marshall St., North Adams, 
Massachusetts. 


SPRAGUE’ 


the mark of reliability 


SPRAGUE COMPONENTS: 
MAGNETIC COMPONENTS + TRANSISTORS + RESISTORS + CAPACITORS «+ INTERFERENCE 
FILTERS « PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET WIRE + PRINTED CIRCUITS 
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Swit 


Specially SPECIFICATIONS 


engineered for COIL: Single-wound, up to 21,000 ohms. Double-wound, 


up to 6,500 ohms in each winding. 
MAXIMUM COIL VOLTAGE: Single-wound, 
300 volts dc; double-wound, 100 volts de. 
OPERATE TIME: Min., 0.005 sec.; max. 
(with slug), 0.050 sec. 
RELEASE TIME: Min., 0.005 sec.; max. 
(with slug), 0.075 sec. 
CAPACITANCE: 1A video contact (contact open): 
Interspring Spring-to-frame 
0.5 mmf at 3 me. 1.4 mmf at 3 me. 
0.5 mmf at 10 me. 1.45 mmf at 10 me. 
0.55 mmf at 20 me. 1.80 mmf at 20 me. 
CONTACTS: Video contacts, form A, B, or C; maximum, 
3 springs. Auxiliary contacts, forms A, B, and C; 
maximum, 2 springs underneath the video pileup, 
10 springs in separate pileup. 
APPROX. WEIGHT: Net, 4 0z. 
Send for full details. 


carrying video 
and other 

high frequency 
currents. 
Unusual flexibility 
of design 
permits a 

wide range of 
contact spring 
assemblies and 
combinations 


to be used. 
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ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 


RELAYS »* SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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firing of the missile. The demonstrator 
repeatedly inverts the tube, changing 
the random position of the balls. If the 
light goes out, it indicates a failure.” 

Maybe it can serve also as a reminder 
of the mechanical nature of statistical 
factors, and the possible traps in over- 
literal application. —A.E.R. 


Department of 
Correct Nomenclature 


In last month’s article entitled “Auto- 
matic Operation in Package Sorting,” 
we inadvertently omitted the very im- 
portant information that the system 
described is known as the Greller Sort- 
ing System, invented and designed by 
Nelson P. Greller and Associates. It 
was built, as stated in the article, by 
Nelson Laboratories, Inc., Hyattsville, 


Md. —J.R.R. 


Transistor Graphic Symbols 


Thanks to the interest of one of our 
good readers, and after verifying the 
matter with both the AIEE and the 
IRE, we find that  recently-adopted 
standards for transistor symbols call 
for the arrowhead on the P emitter 
which is pointing toward the base to 
be one half the length of the arrow- 
head away from the base. The symbols 
on our August cover did not agree with 
this standard. 


i 


This Month’‘s Cover 


THE USE OF THE Karnaugh map in vis- 
ualizing a function so that its unneces- 
sary terms can be readily identified and 
removed is one of the most important 
techniques in designing circuits by means 
of boolean algebra. A diagrammatical 
representation of the development of 
such a map from a tesseract (four-dimen- 
sional hypercube) is combined on our 
cover with a bust of Aristotle, the man 
who first formulated the logical princi- 
ples upon which George Boole later 
based his mathematical analysis. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

. To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 

. Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 136 


New Literature 


Latest catalog and bulletin offerings starting 
on page 244 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 266 


Cards will be processed by publisher 
if received by November |, 1958 









































ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 

101 126 151 176 | 201 226 251 276 | 301 326 351 376 | 401 426 451 476 || 501 516 531 546 561 576 591 G06 | 621 636 651 766 G81 | 701 716 731 

102 127 152 177 202 227 252 277 302 327 352 377 402 427 452 477 502 517 532 547 562 577 592 607 622 637 652 667 682 702 717 732 

103 128 153 178 | 203 228 253 278 | 303 328 353 378 | 403 428 453 478 | | 503 518 533 548 563 578 593 GOS | 623 638 653 668 683 | 703 718 733 

104 129 154 179 | 204 228 254 279 | 304 329 354 379 | 404 429 454 479 | | 504 519 534 549 564 579 594 G09 | 624 639 654 669 684 | 704 719 734 

105 130 155 180 | 205 230 255 280 | 305 330 355 380 | 405 430 455 480 || sos 520 535 S50 565 580 595 610 | 625 640 655 670 685 | 705 720 735 

106 131 156 181 | 206 231 256 281 | 306 331 356 381 | 406 431 456 481 506 521 536 551 566 581 596 611 | 626 641 656 671 686 | 706 721 736 

107 132 157 182 | 207 232 257 282 | 307 332 357 382 | 407 457 482 || 507 522 537 552 567 582 597 612 | 627 642 657 672 687 | 707 722 737 

108 133 158 183 | 208 233 258 283 | 308 333 358 383 | 408 433 458 483 | | sos 523 538 553 568 583 598 613 | 628 643 658 673 688 | 708 723 738 

108 134 159 184 | 209 234 259 284 | 309 334 359 409 459 484 || soo 524 539 554 569 584 599 614 | 629 644 659 674 Gee | 709 724 739 
. 110 135 160 185 | 210 235 260 285 | 310 335 360 410 435 460 485 | | 510 525 540 555 570 585 600 615 | 630 645 660 675 690 | 710 725 740 

111 136 161 186 | 211 236 261 311 336 361 411 436 461 486 511 526 541 556 571 586 601 616 | 631 646 661 676 G91 | 711 726 741 

112 137 162 187 | 212 237 262 287 | 312 337 362 387 | 412 437 462 487 512 527 542 557 572 587 G02 G17 | 632 647 662 677 G92 | 712 727 742 
3 113 138 163 188 | 213 236 263 313 338 413 438 463 488 || 513 528 543 558 573 588 603 G18 | 633 648 663 676 683 | 713 728 743 

114 139 164 189 | 214 239 264 289 | 314 339 389 | 414 439 464 489 514 529 544 559 574 589 604 619 | 634 649 664 679 694 | 714 729 744 

115 140 165 190 | 215 240 265 315 340 415 440 465 490 515 530 545 560 575 590 60S 620 | 635 650 665 680 695 | 715 730 745 

116 141 166 191 | 216 241 266 291 | 316 341 366 391 | 416 441 466 491 

117 142 167 192 | 217 242 267 292 | 317 342 367 392 | 417 442 467 492 (9) 

118 143 168 183 | 218 243 268 293 | 318 343 368 393 | 418 443 468 493 individual 

119 144 168 194 | 219 244 269 294 | 319 344 369 394 | 419 444 469 494 

120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 Title Dept. or Div. 

121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 

122 147 172 197 | 222 247 272 287 | 322 347 372 397 | 422 447 472 497 Company 

123 148 173 198 | 223 248 273 298 | 323 248 373 398 | 423 448 473 498 

124 149 174 199 | 224 249 274 299 | 324 349 374 399 | 424 449 474 agg] Stee" oy —_ 

125 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 S00 

° Principal Product Manufactured 























OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 










































































i] 
FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 
a 
ee oe 
 aeRLER. 
> BUSINESS REPLY CARD cance 
: No Postage Stamp Necessary If Mailed in the United States eta 
ae 
eee ey 
SOS 
we af POSTAGE WILL BE PAID BY emer ces 
ad- eet 
PE tg 
als : - waa: 
on Electrical Manufacturing — 
| 
1250 Sixth Avenue (Sh ae 
ting at 
NEW YORK, 20, N. Y. omunees 
rae] 
; aoe 
are wacoEe 
NTS. READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
731 SERVICE NEW YORK, N. Y. 
732 
733 
734 ee] 
735 ERE 
736 | Se TA 
737 BUSINESS REPLY CARD oe ateasen 
738 No Postage Stamp Necessary If Mailed in the United States oR 
738 a a 
aad NaN, 
th POSTAGE WILL BE PAID BY eal 
948 aia: 
743 TUL 
m4 ae] 
tered e © Sees 
= Electrical Manufacturing — 
eae 
1250 Sixth Avenue as 
; NEW YORK, 20, N. Y. ee 
a | 
" ao 
RRR 





KEEP THIS FOLDER OPENED OUT for your convenience 


in checking 





































































































ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 

101 126 151 176 | 201 226 251 276 | 301 326 351 376 | 401 426 451 476 501 516 533 546 561 $76 591 G06 | 621 636 651 666 681 | 701 716 731 
102 127 152 177 | 202 227 252 277 | 303 327 352 377 | 402 427 452 477 502 517 532 547 S62 577 592 GO? | 622 637 652 667 682 | 702 717 732 
103 128 153 178 | 203 228 253 2.. | 303 328 353 378 | 403 428 453 478 || so3 518 533 548 563 578 593 608 | 623 638 653 668 683 | 703 718 733 
104 128 154 179 | 204 229 254 279 304 328 354 379 404 429 454 479 504 519 534 549 564 579 594 609 624 639 654 669 684 704 719 734 
705 130 155 180 | 205 230 255 280 | 305 330 355 380 | 405 430 455 480 505 520 535 550 565 580 595 610 625 640 655 670 685 | 705 720 735 
106 131 156 181 206 231 256 2861 306 331 356 381 406 431 456 48) 506 521 536 551 S66 581 596 611 626 641 656 671 686 706 721 736 
407 132 157 182 | 207 232 257 282 | 307 332 357 382 | 407 432 457 482 507 522 537 552 567 582 597 612 | 627 642 657 672 687 | 707 722 737 
108 133 158 183 | 208 233 258 283 | 308 333 358 383 | 408 433 458 483 508 523 538 553 568 583 598 613 | 628 643 658 673 688 | 708 723 738 
109 134 159 184 | 209 234 259 284 | 309 334 359 384 | 409 434 459 464 || sos 524 539 554 569 584 599 614 | 629 644 659 674 689 | 709 724 739 
110 135 160 185 | 210 235 260 285 | 310 335 360 385 | 410 435 460 485 510 525 540 555 570 585 600 615 | 630 645 660 675 690 | 710 725 740 
131 136 161 186 | 211 236 261 286 | 31) 336 361 386 | 411 436 461 486 511 526 541 566 571 586 601 616 | 631 646 661 676 691 | 711 726 741 
192 137 162 187 | 212 237 262 287 | 312 337 362 387 | 412 437 462 487 512 527 $42 557 572 587 602 617 | 632 647 662 677 692 | 712 727 742 
113 138 163 188 | 213 238 263 248 | 313 338 363 388 | 413 438 463 488 || 513 528 543 558 573 586 G03 618 | 633 648 663 678 693 | 713 728 743 
194 139 164 189 | 214 239 264 288 | 314 339 364 389 | 414 439 464 489 || 514 529 544 559 574 S89 604 619 | 634 649 664 679 G94 | 714 729 744 
115 140 165 190 | 215 240 265 290 | 315 340 365 390 | 415 440 465 490 515 530 545 560 575 590 605 620 | 635 650 665 680 695 | 715 730 745 
116 141 166 191 | 216 241 266 291 | 316 341 366 391 | 416 441 466 491 

147 142 167 192 | 217 242 267 292 | 317 342 367 392 | 417 442 467 492 (9) 
118 143 168 193 | 218 243 268 283 | 318 343 368 393 | 418 443 468 493 individual 

119 144 169 194 | 219 244 269 294 | 319 344 369 394 | 419 444 469 494 

120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 

122 147 172 187 | 222 247 272 287 | 322 347 372 397 | 422 447 472 497 Company 

123 148 173 198 | 223 248 273 298 | 323 348 373 398 | 423 448 473 498 

124 149 174 199 | 224 249 274 299 | 324 349 374 399 | 424 449 470 agg | = **”O*" _ _— 
125 150 175 200 | 228 250 275 300 325 350 375 400 | 425 450 475 $00 SR ae ey cere ae 
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ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 

101 126 151 176 | 201 226 251 276 | 301 326 351 376 | 401 426 451 476 || 501 516 531 546 561 576 591 606 | 621 636 651 666 681 | 701 716 731 
102 127 152 177 | 202 252 277 | 302 327 352 377 | 402 427 452 477 502 517 532 547 562 577 582 607 | 622 637 652 667 682 | 702 717 732 
103 128 153 178 | 203 228 253 278 | 303 328 353 378 | 403 428 453 478 503 518 533 548 S63 578 593 608 | 623 638 653 668 683 | 703 718 733 
104 129 154 178 | 204 228 254 278 | 304 329 379 | 404 429 454 478 | | 504 519 534 549 564 579 594 609 | 624 639 654 669 684 | 704 719 734 
105 130 155 180 | 205 230 255 280 | 305 330 380 | 405 430 455 480 505 520 535 550 565 580 595 619 | 625 640 655 670 685 | 705 720 735 
106 131 156 181 | 206 231 256 281 306 331 356 381 406 431 456 481 $06 521 536 551 S66 581 596 611 626 641 656 671 686 | 706 721 736 
107 132 157 182 | 207 232 257 282 | 307 332 357 382 | 407 432 457 482 507 522 537 552 S67 582 597 612 | 627 642 657 672 687 | 707 722 737 
108 133 158 183 | 208 233 283 | 308 333 358 383 | 408 433 458 483 | | sos 523 538 553 568 583 598 613 | 628 643 658 673 G88 | 708 723 738 
109 134 158 184 | 209 234 284 | 309 334 384 | 409 434 459 484 || seo 524 539 554 569 584 599 614 | 629 644 659 674 G89 | 709 724 739 
110 135 160 185 | 210 235 285 | 310 335 385 | 410 435 460 485 || 510 525 540 555 570 585 G00 G15 | 630 645 660 675 690 | 710 725 740 
111 136 161 186 | 211 236 261 286 | 311 336 361 386 | 411 436 461 486 || 511 526 541 556 571 586 601 GIG | 631 646 661 676 691 | 711 726 741 
112 137 162 167 | 212 237 262 287 | 312 337 362 387 | 412 437 462 487 512 527 542 557 S72 587 G02 G17 | 632 647 662 677 682 | 712 727 742 
113 138 163 188 | 213 238 263 288 | 313 338 363 388 | 413 438 463 488 513 528 543 S58 S73 588 G03 G18 | 633 648 663 678 693 | 713 728 743 
194 139 164 189 | 214 239 264 288 | 314 338 364 389 | 414 438 464 489 514 529 544 559 574 589 604 619 | 694 649 684 G78 GO4 | 714 729 744 
115 140 165 190 | 215 240 265 290 | 315 340 365 390 | 415 440 485 490 || 515 530 545 560 575 590 GOS 620 | 695 650 665 680 68S | 715 730 745 
196 141 166 191 | 216 241 266 281 | 316 341 366 391 | 416 441 466 491 

117 142 167 182 | 217 242 267 282 | 317 342 367 392 | 417 442 467 492 (9) 
998 143 168 183 | 218 243 268°283 | 318 343 368 393 | 418 443 468 493 individual 

199 144 169 194 | 219 244 269 294 | 319.344 369 394 | 419 444 469 494 

120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 
922 447 172 197 | 222 247 272 297 | 322 347 372 397 | 422 447 472 497 Company 

123 148 173 198 | 223 248 273 298 | 323 348 308 | 423 448 473 498 

126 149 174 199 | 224 249 274 289 | 324 349 374 398 | 424 449 474 499 Sweet City eae 
125 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 500 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by November |, 1958 
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Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 136 


New Literature 


Latest catalog and bulletin offerings starting 
on page 244 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 266 
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FOR YOUR APPLICATION 
FROM STOCK... 


700 STOCK ITEMS to cover every electronic 
application. 


300 HERMETIC ITEMS... proved to 
MIL-T- 27A, eliminates test delays. 


All with the UTC plus value... 
HIGHEST RELIABILITY IN THE FIELD. 


HERMETIC AUDIOS 


FOR TUBE, TRANSISTOR, CHOPPER, AND MATCH- 
ING SERVICE. 8 to 12 OZ. 


MINIATURE HERMETIC SMALLEST SIZE 


HIGHEST POWER 


POWER 


~ 


5 
Y 


INVERTERS TO S50V TRANSISTOR SUPPLY 
.2A FROM BATTERY TO SOV 7.5A 


LINE ADAPTORS 


VOLTAGE ADJUSTORS . . . STEPDOWN . . . ISOLA- 
TION UNITS TO 2500 W. 


And Special Units to 
Your Specifications 


Circle 112 on page 17 


FILTERS 


i 


LOW PASS HIGH PASS BAND PASS 
60 to 12000 CYCLES. 


TELEMETERING 
400 to 70000 CYCLES. 


TELEGRAPH 
425 to 2975 CYCLES. 


HIGH Q INDUCTORS 


DECADE 
INDUCTOR TO 


VARIABLE 
HERMETIC 


VARIABLE 
STANDARD 


X, 90 


LOW FREQU. 


a 
os 


te Ste. 


PERMALLOY DUST TOROIDS HIGHEST Q, 


2500 HYS. ACCURACY, STABILITY. 


REACTORS TO 


COMPACT WIDE RANGE 


ULTRA 
COMPACT 


COMMERCIAL GRADE 


iS 


A COMPLETE LINE OF AUDIO AND POWER UNITS 
FOR COMMERCIAL EQUIPMENT. 


PULSE MAGN. 


FOR SERVO MOTORS 
2 TO 18 WATTS. 


MINIATURE, WOUND CORE, 
.05 TO 25 uSec. 


AMPS. 


LINEAR STANDARD HIPERMALLOY 
BROADCAST AND HI-FI FAVORITES 


COMPLETE LINE OF AUDIO AND POWER FOR 
HAM, MARINE, ETC. COMMUNICATIONS. 


REPLACEMENT TYPES 


AUDIO, POWER, FILAMENT AND REACTORS 
TO 200 MA. 


OR Eee ome 2a, booed i. ta meted i fel 7: wale), | 


150 Varick Street, New York 13, N. Y. 
PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD LOS ANGELES 16 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y CABLES 


CALIF 
ARLAB 





FOR BETTER WIRE TERMINATING 


AMP PATCHBOARD TECHNIQUE 


A-MP PATCHCORD PROGRAMMING 
SYSTEMS AND PANELS offer tremen- 
dous versatility and flexibility. Ex- 
clusive feature of A-MP Systems is 
wiping action of pins against springs 
for clean contacts. A-MP Universal 
Patchcord Programming Systems and 
Panels are excellent for digital com- 
puters, data processing equipment and 
automatic test equipment. A-MP 
Shielded Patchcord Programming 
Systems and Panels are excellent for 
analog computers, telemetering equip- 
ment, test equipment and other low 
level applications where reliable shield- 
ing is required. Patchcords are made in 
a complete series for all programming 
requirements. 


(4) A-MP ‘‘53" SERIES TAPER PINS 


B) A-MP ‘‘53"' SERIES TAPER 
BLOCKS able either 
A-MP “240” SYSTEMS .. . offer 
complete reprogramming in seconds in 


A-MP TAPER TAB RECEPTACLES 


airborne applications. The compact 
“240” System weighs 3% pounds and 
features 240 patchcord receptacles for 
maximum program combinations. It, 
too, features the exclusive wiping action 
to assure optimum electrical contact at 
all times. 


| Bulletin Number 58 


AMP-LOK CONNECTORS .. ; are.made 
in 3, 6, 9, or 12 circuit units . . . the most 
versatile multiple connectors available 
to the electronics industry. Self anchor- 
ing units require no extra mounting parts 
for through-panel applications. All con- 
tacts are identical and self cleaning... 
recessed for safety. Finger grip engage- 


ment and disengagement of housing 
A-MP MINIATURE TAPER PIN RE- which is polarized to eliminate circuit 
CEPTACLES eliminate tedious and error. AMP-lok will accommodate a 
color coded. AMP-lok may also be 
with complete safety as a free 
ing multiple connector. 
Bulletin Number 45 


Information concerning any 
termination problem will be 
forwarded on request. For literature 
on the above products, write, giving 


bulletin numbers desired, to: 


rP"|] 68 YY Es ' | Se 
GENERAL OFFICES: HARRISBURG, 


, 


z - - 


PENNSYLVANIA 
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TECHNIQUES . . . SPECIFY 


PRINTED CIRCUIT TECHNIQUE 
TERMINALS AND SPLICES 


oY 


== 


/ 
/ 


/ 
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(A) AMP-EDGE TERMINALS ... 
assure excellent electrical contact with 
friction grippage and positive wiping 
action... apply easily to any section 
of the perimeter of the printed circuit 
board... reduce cost of application 
to wire conductor and to board. 


(B) AMPin TERMINALS .. . eliminate 
loose leads during solder-dip operation 
... promote good capillary action 
during solder dipping . . . accommodate 
solid or stranded conductors... are 
self retaining and self-aligning. 


(C) AMP COMPONENT TIPS . . . pre- 
vent movement of components during 
solder dipping cycle . . . permit bridging 
or offsetting of components . . . protect 
semi-conductor leads from solder dip- 
ping heat . . . eliminate need for eyelets 
and thru-plating on two-sided boards, 
by excellent solder wicking charac- 
teristics and uniform solder deposit. 


Bulletin Number 81 


/ 


SEPTEMBER 1958 


A) TERMASHIELD SHIELDED WIRE 
FERRULES assure positive ground 


TERMASHIELD SHIELDED WIRE 
SPLICES f shielded wire 


TERMASHIELD 7MM SHIELDED 
CABLE FERRULES ently 


Circle 113 on page 17 


(A) STRATO-THERM TERMINALS AND 
SPLICES . . . for high temperature and 
heat resistant requirements . . . accom- 
modate a wide range of wire sizes either 
solid or stranded or both... with or 
without fully circumferential wire in- 
sulation support as desired. 


(B) CERTI-SEAL MOISTURE PROOF 
WINDOW SPLICES . . . seal out vapors 
and fluids even at altitude to assure 
dry splice... accommodate over 100 
insulation thicknesses . . . resist heavy 
vibration and shock. 


(C) OTHER A-MP TERMINALS AND 
SPLICES . . . designed for the most 
diverse circuitry requirements . . . strin- 
gently tested for corrosion resistance, 
vibration resistance, conductivity and 
long life . . . ideal for all types of elec- 
tronic equipment. 


Bulletin Number 37 


; A-MP products and engineering assistance are available through wholly- 
owned subsidiaries in: Canada @ England @ France @ Holland © Japan 





Robbins & Myers 
helps 


Highly efficient 

dual-sweep ventilation 
Tandem fans, one pushing and one 
pulling, cool motor from end to end 
... air-wash field coil ends .. . elim- 
inate “hot spots’... greatly prolong 
motor life! 


Fully sealed 

prelubricated bearings 
Run in double-width races... have 
extra-large lubricant reservoirs ... 
seldom need re-lubrication ...are 
quickly, easily inspected by remov- 
ing cover plates! 


Life-prolonging 

*Mylar insulation 
Has excellent dielectric qualities . .. 
resists tearing and aging... assures 
virtually permanent protection. Rag 
paper backing cushions against 
abrasions and punctures! 


% DuPont registered trademark 
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MOTOR STAMINA 


machines 


saw their way to success! 


The DoALL Company equips its versatile Power 
Saws and Contour-matic Band Machines with 
sturdy, dependable R&M motors. Thesé.motors are 
precision-built, with ample reserve pOwer that 
helps DoALL achieve record-breaking cutting rates 
while working at greater feed and speed pressures. 
In thousands of DoALL-equipped plants, R&M 
motor stamina has proven itself. R&M motors take 
toughest DoALL jobs in stride—powering their 
new Demon high-speed steel cutting tool in the 
machining of harder-to-cut tough new alloys. Do- 
ALL versatility depends on reliable power to saw, 
file, grind or polish all materials. The same strong 
R&M motor also drives the machine’s hydraulic 
and air pumps, providing smooth power for auto- 
matic stock feeding, work table positioning, etc. 
If your product requires heavy duty motors de- 
signed for faster, more versatile production, plus 


i top dependability, Robbins & Myers can help you. 
DoALL Contour-matic Band Machine 


Contact your R&M representative or 
write today for Bulletin 520-EM 


ROBBING € MVERS. nc. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


ip © /P xy ® 


FANS HOISTS woven PumMPSs emoreau FANS 


R&M builds motors from 1/200 to 200 horsepower 


SEPTEMBER 1958 Circle 114 on page 17 





Radio Receptor 


hed — 


*high current density 


selenvum | 
rectifiers 


Life expectancy of 100,000 hours 
800 ma D.C., 15,000 volts 50,000 amps, 9 volts D.C. 


High voltage, low current for smoke High current, low voltage, fan cooled. 
precipitation. 12 containers required. For electroplating power supply. 


makes them first-chorce for these applications 


The engineers who specified these Radio Reéceptor rectifiers know . 
the outstanding record of similar stacks in Germany and throughout \ 
the world. They also know they can install RRco. Petti-Sel rectifiers 14 
once and forget them, confident they’ll deliver up to 100,000 hours of 
trouble-free performance! 


Produced by the improved new vacuum process developed by Siemens 
of West Germany, and now manufactured exclusively in the U. S. by 
Radio Receptor, Petti-Sel rectifiers are available in an even wider range 
of current and voltage ratings than indicated above. We’ll gladly send 
you information regarding your rectification problems. For prompt 
attention, write today to Section EM-9. 


Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. 
a9 : *Tities sees tf General Instrument 
Subsidiary of General Instrument Corporation ne Semiconductors 
240 Wythe Avenue, Brooklyn 11, N.Y. EVergreen 8-6000 


GENERAL INSTRUMENT CORPORATION ALSO INCLUDES 
AUTOMATIC MANUFACTURING DIVISION « F. W. SICKLES DIVISION 
MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARY) 


Circle 115 on page 17 ELECTRICAL MANUFACTURING 





y4l [yeti tw ais 


CLEMSON PRECISION LAWN MOWERS hove proved through 


twenty years of experience the best way to build strong, 


durable machines requiring complex precision parts at low 
cost. 


BY DESIGNING FOR ZAMAK ZINC DIE CASTING ALLOYS, 
CLEMSON ACHIEVED: 


.-- ACCURACY AND UNIFORMITY OF PARTS 
.. LOWER ASSEMBLY COSTS 
.- ELIMINATION OF EXTRA PARTS 
. . A SMOOTH OPERATING, PROPERLY BUILT MACHINE 


SEPTEMBER 1958 Circle 116 on page 17 





WHY IN THE WORLD 


use = 
glass-to-metal” 
seals? 





Super-rugged 
Compression Seals 








Single Lead 
‘ Terminals 





End Seals for 
Tubular Components 


Multiple 
Headers 





answer! 


You can always depend on the leade ¢ Threaded 
Electrical Industries glass-to-metal : End Seals 
have been an industry standard since Pe 

1940. With research, development and 


manufacture devoted exclusively to the . . 
production of hermetic seals, E-I has the : fey & Transistor 








experience and facilities to solve your Closures 
most difficult sealing problems. 


The E-I standard line offers designers 
and engineers a choice of hundreds of Miniature 
types of seals that reflect the economies Closures 
of mass production methods. In addition, 
E-I oes gene bry for special . 
applications, or will seal components 0 
your manufacture. Call or write E-I for <9 ne og 
catalog, or send drawings for recommen- a 
dations on your sealing application. 

















ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc. « MURRAY HILL, N. J. 


Patented in Canada, No. 523,390; in United Kingdom, No. 734,583; licensed in U.S. under Patent No. 2561520 


Circle 117 on page 17 ELECTRICAL MANUFACTURING 





IN GENERAL ELECTRIC'S 
NEW PANEL INSTRUMENTS 


DISTINCTIVE APPEARANCE 


Clean-line design sparkles with functional new 
beauty—adds a distinctive touch to your finest 
switchboards and panels. Big border-to-border 
scale is framed in aluminum for better color blend- 
ing. Design innovation creates the illusion of big- 
ness, yet they fit into the same useable space as 
old style instruments. 


EXCELLENT READABILITY 


BIG LOOK styling provides up to 28% increase 
in scale length over types replaced. Easy-to-read 
numerals cannot be obscured by the slim, tapered 
pointer. Clear raised window allows natural light 
to flood scale area, keeping shadows out. 


RELIABLE OPERATION 


Self-shielding: Exclusive moving-magnet mechanism 
and the core-magnet mechanism can generally be 
mounted on magnetic or non-magnetic panels with- 
out special calibration. 
Completely Sealed: All cases are sealed with neo- 
prene gaskets to protect internal parts from dust, 
dirt, and water for extra-long, trouble-free opera- 
tion. D-c movements and a-c iron-vane movement 
are accurate to within + 2% of full scale value. 
For complete information contact your nearby 
G-E Apparatus Sales Office or Distributor; or write 
for bulletin GEA-6678A, Section 582-31, General 
Electric Company, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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ACTUAL SIZE 


Although they look bigger, these a-c and 
d-c units are actually 24%4- and 34-inch 
sizes. Mounting is interchangeable with 
JAN, MIL, and ASA (round) specifications. 
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MAXIMUM OPERATING 
TEMPERATURE 


( )1300°F 
( ) 00°F 
( ) 1000°F 
( ) 650°F 
( ) 400°F 
( ) 400°F 


SYLVANIA WIRE 


1. Silver Plated Copperweld 
2. Kulgrid® 28 

3 Nickel Plated Copper 

4. Silver Plated Copper 

5. Oxalloy” 28 

6. Inconel Clad Copper 


+ gery 


*Trade-mark 


Can you match these Sylvania 


High Temperature Wires 


with their applications? 


Ger THEM ALL RIGHT? Then you're 
right up to date on Sylvania composite 
wires for high-temperature applications 
in corrosive and oxidizing atmospheres 
where good conductivity is required. 
(You can check your answers with the 
chart below.) 

You may be interested in knowing, 
too, that new wires are under develop- 
ment, improving the conductivity and 
corrosion-resistance of plated and clad 
wires to operate in various ranges from 
500° F to 2000° F. 

A new “barrier” layer concept, im- 
proved coatings, and new composites 
such as aluminum-clad copper indicate 
the amount of effort and importance 
Sylvania places on its high-temperature 
wire development program. 

If you’re not yet completely familiar 
with Sylvania High Temperature Wires, 


write for your “Product Bulletin.”’ As 
a major supplier of both clad and plated 
wires, Sylvania is in a unique position 
to offer objective recommendations on 
the best wire for your application. Ad- 
dress your inquiry to 
SYLVANIA ELEctTRIC Propucts INc., 
Parts Division, Warren, Penna. 





Nickel Plated 


Oxalloy* 28 
Inconel Clad 
Copper 28 
| 
Kulgrid® 28 





SAFE OPERATING TEMPERATURE 


Copper 


Silver Plated 
Copperweld 


Silver Plated 








¥ SYLVANIA 


LIGHTING + TELEVISION - 


RADIO - 


ELECTRONICS 
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Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fivorescent Components 
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NEWS OF MATERIALS THAT ARE 
IMPROVING TODAY'S PRODUCTS 





©1958, National Vulcanized Fibre Co. 
PUBLISHED BY NATIONAL VULCANIZED FIBRE CO., MANUFACTURERS OF: 





VULCANIZED FIBRE + PHENOLITE® LAMINATED PLASTIC + NATIONAL NYLON 
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TEXTILE BOBBINS 


WASHERS, GASKETS 
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ELECTRICAL INSULATION 


SLOT INSULATION 


SAFETY EQUIPMENT ‘ d 
\ RAIL JOINT INSULATION 
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Meet National Vulcanized Fibre . . . a basic engineering Arc Resistance . superior to any other material 

material with such a unique combination of properties it is Resilience 


F : springs back from sharp blows 
used in practically every industry: Durability 


resists both wear and abrasion 

Machinability easily machined and finished 
Light Weight one half the weight of aluminum Formability can be formed, deep-drawn, swaged 
Strength one of the strongest per unit weight Heat Insulation has low thermal conductivity 
Toughness. . absorbs repeated shock and impact Chemical Resistance resists oils, gasoline 
Hardness... varies from flexible to hard as bone Long Life. properties improve with age 
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iets SWATIONWAL SCENE 








Modified Properties of Vulcanized Fibre 


Pave Way for Scores 


Just as metals can be alloyed, or their 
properties modified, to meet precise 
requirements, ingenious modifications 
now adapt Vulcanized Fibre to specific 
applications. (For example, see ““Out of 





of New Applications 


the Labs’’.) National’s research and 
development program makes Vulcan- 
ized Fibre available in three basic 
grades and some fifty special applica- 
tion grades. 


General Use Grades 


Commercial Fibre is designed for gen- 
eral electrical and mechanical applica- 
tions. This grade is semi-hard, has a 
good surface finish, good punching and 
machining qualities, high mechanical 
and dielectric strengths. Typical appli- 
cations include washers, insulating 
plates, arc barriers, switch and appli- 
ance insulation, materials handling 
receptacles and formed parts. 

Bone Fibre is the hardest, densest grade 
of Vulcanized Fibre. It possesses the 
best machining properties and has very 
high resistance to wear and abrasion. 
Typical applications for National Bone 
Grade Fibre are noiseless gears, bobbin 
heads, cams, cutting blocks and thrust 
washers. 

Peerless® Electrical Insulation, the first 
fish paper, has been accepted as stand- 
ard ever since its appearance. This 
slate-gray insulating material combines 
the highest possible dielectric, tensile 
and bending strengths with flexibility. 
It also possesses excellent punching and 
forming qualities. Typical applications 
for this material are armature slot insu- 
lation, liners, washers, coil insulation, 
arc shields, gasket stock and trans- 
former insulation. 

Special Grades — Special application 
grades of Vulcanized Fibre meet special 
needs for unusual combinations of 
properties. A few of the more than 
fifty special grades are: Trunk and 
Case Fibre—a hard and resilient grade 
for sample cases, mill boxes and other 
receptacles; Flexible Fibre for air or 
liquid sealing washers and gaskets; 
White Fibre for index cards, picnic 
utensils, and data processing tapes; 
Guard Fibre for athletic and industrial 
protective equipment; Hermetic Grade; 
Fungus Resistant Grade; Flame Re- 
tardant Grade, and many others. For 
information on any of these, or for 
recommendations concerning any par- 
ticular application, check the inquiry 
card in this issue. 








Send for a box of samples and put 
Vulcanized Fibre to your toughest 
tests. Just write us on your company 
letterhead and let us know what use 
you have in mind. 











DESIGNERS 
ARE USING 








Peerless insulation, .032-in. thick, with 
adhesive applied to one side as a cush- 
ion in a windshield wiper assembly. 
Fibre’s resilience cushions the wiper 
movements, giving silent operation. 


Vulcanized Fibre rod for spudgers or 
stylii. Resistance to wear, mechanical 
strength and ease of fabrication make 
this application possible. 


—— 
——= 


Fibre armored plywood (plywood, pro- 
tected by Vulcanized Fibre bonded on 
both sides) for instrument cases and 
structural applications. Material offers 
strength, a smooth non-splintering sur- 
face, light weight and the ability to 
absorb shocks. 


National Grade 31 Nylon for a switch 
plunger. Nylon was chosen because of 
its smooth surface and electrical insu- 
lating qualities. 
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THE LABS 
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National’s flame-resistant Vulcanized Fibre shows only slight charring after 
the flame test pictured below. This material will not support combustion. 


Out of National’s Research and De- 
velopment Laboratories come special 
property variations that permit Vul- 
canized Fibre’s use in an 
broadening range of new applications. 


ever- 


Casein point: A major circuit breaker 
manufacturer wanted the properties 
of mechanical grade fibre in a 
swedged front plate of a thermal 
overload relay. The problem: Occa- 
sional severe operating conditions 
caused internal arcing to ignite a 
lacquered coating and then the Vul- 
canized Fibre. The assignment: Make 
a flame-resistant grade of Vulcanized 
Fibre for this application. 


Solving the problem: National’s 
Laboratories conducted an extensive 
evaluation program on flame-proof- 
ing materials. They found what they 
were looking for—an organic addi- 
tive which completely penetrated 
the material and made it flame- 
resistant. In fact, this modification 
proved so successful that flame- 
resistant National Vulcanized Fibre 
was found to be appropriate for 
many mechanical applications where 
combustibility is a problem. 
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Results: National flame-resistant 
fibre proved successful in this relay 
application and the manufacturer 
has used it ever since. As a result, a 
new mechanical grade—with flame- 
resistant properties—was added to 
National’s broad line of fibre grades. 
Now this material is being used in 
several other mechanical applica- 
tions where extremely high tempera- 
tures require its flame-resistant and 
self-extinguishing qualities. 


A test piece of flame-resistant Vulcan- 
ized Fibre is subjected to flame esti- 
mated at 1000° C. for 30 seconds to 
prove that it will not support com- 
bustion. 
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FREE LITERATURE 


Use this coupon for more detailed 
information on Vulcanized Fibre 
and National’s full line of over 100 
grades of basic materials. 


CT] A. “Fibre 
in 


industry" 
Booklet, 
20 pages 


CJ B. Nylon Data Folder, 6 pages 


C. Materials 
Selector 
Catalog, 

16 pages 


D. Flame 
Resistant 
Vulcanized 
Fibre 1183 
Data Sheet 


re 


(WATIONAL 


VULCANIZED FIBRE CO 


Dept. NS-C9 Wilmington 99, Del. 


NAME 
TITLE 
COMPANY 


ADDRESS 


CITY ZONE ___STATE 








PRODUCTS 


SODERON (nylon coated Soderex) 


WINDS RESISTS SOLDERABLE, 
EASIER SOLVENTS TOO! 


Low co-efficient of friction pro- The chemically resistant outer jack- No stripping. Solderable at low 
vides “lay-in"” qualities similar to et removes any danger of magnet temperature without damage to 
tried and true Nyform (nylon wire damage by severe varnish copper conductor. 

coated Formvar). or compound treatments. 


SX Soderon is available in sizes 10-46 AWG, inclusive. 
Packaged on spools, reels, pails and “Magna Pak”® 


worm gen oe Sere yet 


am 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana _ 
Manufacturing Plants: Birmingham, Aleb ; Anaheim, Colifornia; Fort Wayne, Indiana; Hillsdale, Michigan 





~ 


' NATIONAL NETWORK: OF WAREHOUSES AND SALES OFFICES,..CALL YOUR LOCAL “ESSEX MAN” 
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Photographs courtesy of 
Jack & Heintz, Inc. and 
Freed Transformer Co., Ine. 


are preferred for potting, sealing and encapsulating! 


E6pon resins are the number 1 choice 
for potting, laminating, sealing and 
encapsulating, because they provide 
an almost perfect combination of elec- 
trical and physical properties. 


Potting and Encapsulating. Epon 
resins possess outstanding adhesive 
qualities . . . form strong bonds to 
metal and glass. They assure an air- 


tight enclosure for delicate compo- 
nents and vacuum tubes. Even when 
exposed to solder bath temperatures, 
Epon resin retains its dimensional 
stability. 

Sealing. Epon resin-based insulat- 
ing varnishes and potting compounds 
provide excellent moisture sealing. 
They offer outstanding resistance to 


solvents and chemicals even at ele- 
vated temperatures. 

Epon resins also produce base lami- 
nates of superior dielectric properties 
when laid up with inert fibrous fillers. 
These laminates can be sheared, 
punched, drilled, and bath-soldered. 

For complete information on Shell’s 
family of Epon resins, write us now. 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION 


Chicago « Cleveland « Detroit * Houston « 


Atlanta « Boston « 


Los Angeles « 


IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited, Montreal * Toronto 
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Newark * New York « San Francisco « St, Louis 
* Vancouver 








THEY’RE HERE NOW... AND ONLY WESTINGHOUSE HAS GOT THEM 


Complete Line of 


Quicklag Circuit Breakers 


ELECTRICAL MANUFACTURING 





There’s only one circuit breaker design best suited 
for lighting and power circuits—Quicklag®! And 
there’s only one man who can offer you a full 
range of these small-size, high-interrupting capacity 
breakers— your Westinghouse Sales Representative! 


These Westinghouse Quicklag circuit breakers are 
available now in two models—fast-mounting plug-in 
Quicklag P; and versatile front-connected Quick- 
lag C. Both are available in 1-, 2- and 3-pole con- 
struction. Both incorporate all of the design 
features that have made Westinghouse breakers 
the standard for industry. For example: De-ion® 
arc quenchers for fast, safe are extinguishing; 
quick-make, quick-break trip-free mechanism that 
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STANDARD TERMINAL 


prevents contact “teasing”; silver-alloy contacts; 
insulated common-trip bar; cooperative thermal- 
magnetic trip; all this plus accessories and modifi- 
cations for additional versatility. 


A call to your local Westinghouse Sales Representa- 
tive will give you the full story on the Westing- 
house Quicklag line. Or you may write to: West- 
inghouse Electric Corporation, Standard Control 
Division, Beaver, Pennsylvania. J-30299 


you can Be SURE...1F is 


Wemunghoves Fae oper ae 


Westinghouse @ “=== 
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FORMS OF EPOXY 


will solve any 
component encapsulation 
problem! 


E-CASE SHELLS AND SLEEVES~— Available f 


Shells, sheeting, powder, pellets, liquid— EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component. 

EPOXY SHEET” Molded epoxy sheets im a variety o Once the right encapsulating unit is developed, 

ng ahd short runs. ee it can be produced in quantity immediately and 

placed on your production line. In short, no 
matter what type of component you are 
encapsulating, no matter what your facilities are 
now, there is an epoxy form and method just 
for you—from EPOXY PRODUCTS! Write today for 
complete technical data and literature. 


Test epoxy encapsulation 
in your own lab! 


A special kit containing generous 
samples of all 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor. 


PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington 11, New Jersey 


EPOXY LIQUID AND HARDENER a) 
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The Reference Encyclopedia 
of Electrical Sheets 


The Electrical Steel Sheets Engi- 

O [ | ‘ S HH I : l : neering Manual, published by United 

States Steel Corporation, has always 

f U e d S * l had an indispensable place on the 
ro m n it e t ate - te e electrical designer’s reference shelf. 

The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 

If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 


A ee eee ae 


a re 


USS is a registered trademark 
United States Steel Corporation - Pittsburgh es 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & Iron - Fairfield, Alabama nl e a eS ee 
United States Steel Export Company 
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INSIDE reasons why AE 


Ving the Wee e ELECTRIC 


Perrteer eetere 


ISIT OUR NEW PLANT at Northlake, Illinois, 
boom you'll see reasons for the widespread 
acceptance of Automatic Electric Relays and 
Switches—the vital components of electrical con- 
trol devices used throughout industry. 


The inside story here is quality—quality that 
starts with basic design and material specifica- 
tions—quality that comes from continuous 


Contact points that stay on for keeps are assured by a 
unique process whereby we weld the end of a contin- 
uous length of wire to the spring bank with very accu- 
rate control of time and voltage to provide a perfect 
weld with exactly the right amount of material. 
Microscopic inspection after welding checks for accu- 
rate shape, size and position (per inset photo). 


research and constant improvements by Auto- 
matic Electric engineers—quality assured by 
precision manufacturing methods and checked 
by the most rigid tests. 


To users in every field, it means long-life depend- 
ability in relays, stepping switches and other 
products. On top of that, this new 35-acre plant 
doubles our previous output capacity. Most mod- 
ern and completely equipped in the industry, it 
enables us to meet your demand for quick deliv- 
ery of precision relays and switches in volume. 
Let’s discuss your requirements. 


Solderless splice eliminates open coil windings, a 
common source of relay trouble. We make the splice 
by removing the insulation from a considerable length 
of wire and twisting several strands of bare tinned 
copper wire tightly about the ends of the wires of the 
coil winding. This produces a flexible connection not 
subject to attack of electrolysis. and highly resistant 
to strain. 
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Relays outperform them all 


New “‘Series OCS’’ Cam-Type Relay 
combines relay and stepping switch 
functions. This versatile, shock-resist- 
ant relay (up to 25 G.) can be used 
to replace the delicate latch-in type, 
plus whole banks of relays or combina- 
tions of relays and stepping switches. 
For complete data write: Automatic 
Electric Sales Corporation, Northlake, 
Illinois. In Canada: Automatic Electric 
Sales (Canada) Ltd., Toronto. Offices 
in principal cities. 


Metal parts enter one of Automatic’s 
two electrically heated roller hearth 
annealing furnaces. Annealing serves 
to: (1) produce the best metallic struc- 
ture for magnetic field, and (2) relieve 
machining strains. Periodic check of 
annealing atmosphere by chromato- 
graph assures proper mixture of gases. 
Thanks to painstaking care like this at 
every step of manufacture, Automatic 
Electric Relays are the most reliable 
you can buy. 


AUTOMATIC ELECTRIC 


Northlake, Illinois 


Subsidiary of GENERAL TELEPHONE 
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Photographed underwater 
at Fiorida’s Silver Springs 
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1/3 SHORTER THAN EQUIVALENT 
STANDARD MOTOR 


SOROS SSSSSSESHESSESESESSESOOHEEESE 


New-product news from Louis Allis 


SEALED FOR SUBMERGED 
APPLICATIONS 


Underwater is home for this motor! 





New Louis Allis Immersible motor is bullt 
to operate in water, sewage, or liquid chemicals 


The Immersible motor can be adapted to operate in any kind of liquid 

— fresh or salt water, sewage, chemicals, or abrasive industrial cutting oils. 
It’s the ideal means to provide power in a vat or sump — at the bottom 

of a pool, lake, or ocean! 


No matter how deep your setting, the Immersible motor provides 
close-coupled power — saves you the need for expensive jack-shafting, 
intermediate bearing supports between pump and a surface-mounted 
motor, and mounting structures. 


The motor is oil-filled and sealed at the factory. Diaphragm breathers 
equalize internal and external pressure — eliminate pressure at the shaft 
seal and prevent leakage. All joints are sealed to keep water and dirt 

out. Vinyl-coated housing and stainless or suitably plated exposed parts 
resist corrosion. Mating surfaces of the housing and flange are precisely 
machined to provide accurate alignment of the pump impeller and casing. 


The Immersible, as shipped, is ready for horizontal or vertical mounting 
on pumps, agitators, mixers, or special equipment. Sizes range from 
¥, to 40 hp. For additional information contact your local Louis Allis 
District Office, or write for Bulletin 2300, The Louis Allis Co., 

428 East Stewart Street, Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DORIVES 


LOUIS ALLIS 
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All new ip) oscilloscope 
——-- $43500 


NES DC to 200 KC coverage; automatic triggering, 
minimum controls 





Sweep speed range 1 ysec/cm to 0.5 sec/cm; 
x 5 sweep expansion all ranges; vernier 


15 calibrated sweeps, 1-2-5 sequence 


Automatic synchronizing on any internal or 
external voltage; also line voltage 


High sensitivity, calibrated vertical amplifier 


All power supplies regulated for 
maximum stability 


New -hp- 120A and -hp- 120AR (rack mount) oscilloscopes. Note space-saving 7” height of 120AR. 


These totally new -hp- oscilloscopes are engineered to perform most 
oscilloscope measurements more quickly, simply, dependably. Automatic 
triggering means no adjustment over entire range. Yet automatic 

trigger and base line can be cut out for bright, steady photography trace. 


Sweep speeds vary from slow for mechanical or medical work to high for rapid 
transients. High sensitivity permits working direct from transducers in many cases. 
Vertical and horizontal amplifiers have identical band width for phase measure- 
ments. Voltage regulation on all power supplies insures steady, drift-free traces. 


These new instruments combine calibrated precision for lab work with 
brute ruggedness for the production line; the rack-mounted 120AR 
is ideal for fixed installations and test consoles. 


Call your -hp- representative for full information and 
demonstration, or write direct. Fast delivery! 


HEWLETT-PACKARD COMPANY 


4621M PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" * DAVENPORT 5-4451 


-hp- provides industry’s newest, most complete oscilloscope line 
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PHELPS 
DODGE 
MAGNET 
WIRE... 


AGLAS 


Offers flexible 


glass insulation 


with proven | / » 
thermal wy a 4 


~ 
¥ 


stability ! . Beas 


mL ’ Phelps Dodge Daglas, a magnet 

Mm =6/ ~=wire insulation of fiberglas and 
Dacron* fused together, combines 
the excellent performance of glass 
wire with exceptional flexibility, 
adhesion and forming properties. 
Daglas is proven in Class ““B’”’ and 
“F’”’ applications, takes tougher 
windings, cuts rejections and 
lowers overall costs. When used 
with a silicone overbond, Daglas 
meets Class ‘‘H’’ requirements— 
and eliminates Class ““H” winding 
problems. 


*Dacron—Du Pont’s polyester fiber 


Any time magnet wire is your 
problem, consult Phelps Dodge for 
the quickest, eastest answer! 


F 


LASTING QUALITY 
—FROM MINE — 
TO MARKET! — 
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ACTUAL SIZE 


This is the actual size of Heinemann’s new 
sub-miniature circuit breaker, the SM3. Her- 
metic seal and all, it weighs no more than a 
bantam 2.1 ounces. It is magnetically actu- 
ated, therefore does not require de-rating for 
high ambient temperatures. In fact, under ex- 
tensive environment-testing, the breaker has 
demonstrated excellent all-around operational 
stability. It will function properly on the 
tundra or in the tropics, will withstand the on- 
slaughts of salt-sea atmosphere, sand, dust 





your specifications in any integral or fractional 
current rating from 0.050 to 10 amperes, at 
110V, either 60 or 400 cycles AC, or 50V DC. 
And you have a choice of either fast or slow 
time delay, so that overload response can be 
matched closely to the operating characteris- 
tics of the protected equipment. If you have 
need of a rugged, compact circuit breaker 
“packaged” to go anywhere, you’d do well to 
give the SM3 some serious consideration. The 
facts and figures are presented for your review 


and high humidity. The SM$3 is available to 


HEINEMANN ELECTRIC COMPANY, 99 PLUM ST. TRENTON 2, N. J. 


in Bulletin 3502. Write for a copy today. 


S.A. 1764 
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ATIONAL brushes cured this balky 


TRADE MARK 


power shovel...and helped 14 other mines! 





Constant brush trouble on a power 
shovel led this mining company to 
call in “National” Carbon Brush Man 
M. B. Inman. His recommendation 
paid off so promptly he was asked 
to check recurring exhaust fan trou- 
ble at another company-mine. 
M. B. INMAN Here Burt recommended brushes 
that could ride the fans’ high speed commutators with- 
out burning. Next, the company asked Inman to survey 


National’, ""N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


all of its brush-using equipment. RESULT: a plan that 
simplified ordering, insured good performance and re- 
duced inventories by stopping duplicate ordering. 

The “National” Brush Data Survey idea soon spread 
to every company-mine in the state... then to all mines 
in the neighboring state—15 mines in all. This is typical 
of the service provided by your “National” Brush Man. 
Call him today, or write National Carbon Company, 
Division of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, New York. 


UNION 
for No iziie) = 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dellas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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8% More Load-Carrying Capacity! 


Westinghouse 48-Frame Motors Give You 28% More 
Load-Carrying Capacity Than Ordinary Motors 


Here’s still another case where Westinghouse fhp motors give 
you that “‘something extra’—the motor feature that makes 
your own product more salable. 

This time it’s a %-inch-diameter bearing where ordinary 
fhp motors are using smaller, 44-inch bearings of the same 
length. It means that the Westinghouse motor’s larger load- 
bearing area gives you a 28% edge in load-carrying capacity! 

There are plenty of other advantages to our large-size 
bearing construction, too—for example, bearings wear less, 
last longer; lubrication is better, more uniform on the in- 
creased bearing surface; motor operation is smoother, quieter, 
more vibration-free than you’d ever expect (or get) from 
motors using smaller bearings. 

This is only one of the many competitive advantages that 
Westinghouse motors give your product. For the full story, 
please contact your nearby Westinghouse sales office, or 
write: Westinghouse Electric Corporation, Industrial Motor 
Department, Lima, Ohio, for Bulletin B-7240. J-03047 





vou CAN BE SURE...IF IT'S Westi nghouse 
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NEMA Sizes 0 and 1 
Two, three and four-pole construction 











ELECTRICAL 
EQUIPMENT 




















EC&M HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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Starter has EVERYTHING! 





SMALLER! 
Takes less space, whether it's 
built into machine or mounted 
externally 


SMART STYLING! 

Matches the streamlined ap- 
pearance of today’s modern 
machines 


QWIK-MAKE, QWIK- BREAK! 
Positive snap action opening 
and closing of contacts. Longer 
contact life 


TRIP-FREE 

OVERLOAD PROTECTION! 
Impossible for operator to hold 
motor circuit closed against 
overload 


LONGER LIFE! 

Toggle Action operating mech- 
anism. Heavy duty construction 
throughout 


CHOICE OF ENCLOSURES 


Hazardous 
Locations 


Water and 
Dust-Tight 


Mounting 


MPA ESI Tho ho RS 


Write tor BULLETIN 2510 B-C 
Address Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


yy » 
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EASIER INSTALLATION! 

Wire it without removing starter 
from enclosure. All terminals 
have pressure wire connectors 


EASIER MAINTENANCE! 
“Off-the-Shelf” parts kits make 
normal maintenanceand modifi- 
cations easier than ever. They're 
easy to buy, easy to identify, 
and faster to install 


TAMPER-PROOF! 

Cover padlocking device pre- 
vents tampering by unauthor- 
ized personnel. Safety latch 
locks “start” button in “OFF” 
position 


VISIBLE INDICATION 

OF OVERLOAD! 
Self-centering pushbuttons 
show when overload has oc- 
curred 


Fractional-horse- 
power manual start- 
ers are available 
in a full line of en- 
closures including 
General Purpose, 
Flush Mounting, 
Water and Dust 
Tight, and Explo- 
sion Proof 
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Save Space 
Reduce Weight 
Save Materials 


Speed Assembly 


Reduce Production 


Operations 


Standard rings available 
in round, square and rec- 
tangular types in carbon 


NATIONAL RETAINING RINGS are the economical, simple method of 
locating and positioning machined parts or bearings on shafts, pins 
or in housings. Each application results in substantial cost reduc- 
tions as machining or grinding shaft stock to form shoulders is 
eliminated. National Rings simplify product design, save space and 
weight. Rings are available in a wide range of finishes to meet 
specific requirements. 


ASK A NATIONAL ENGINEER for assistance on your specific retaining 
ring application —his experience includes service-proven applica- 
tions on instruments, tools, engines, heavy machinery, toys... thou- 
sands of products of metal, plastics and wood. Ask for complete 
information on cost-reducing National Retaining Rings. 


Type XRC 


Type ZH 


(internal) 


Type YH 


spring steel. Bronze beryl- 
(external) 


lium copper, stainless steel, 
aluminum and special types 
custom designed to your 
exacting specifications. 


(round 
closed) 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY MILWAUKEE 2, WISCONSIN, U.S.A. 
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BACKGROUND 
OF QUALITY 

















..and the quality starts in the foreground! 
For when it comes to Roebling Magnet 
Wire, quality means—unsurpassed ingredi- 
ents of consistent excellence...wire-making 
skill based on decades of experience...and 
exacting testing and inspection. 

You pay no more for Roebling Magnet 
Wire—you get more in terms of satisfying 
performance. And you choose the packaging 
that will give you utmost efficiency and 


economy. Write today to Electrical 

. Wire Division, John A. Roebling’s 
mane Sons Corporation, Trenton 2, 
New Jersey, for information about 
types and sizes of Roebling Magnet Wire 
exactly suited to your applications. 
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ROEBLING -¢ 


Branch Offices in Principal Cities 
Subsidiary of The Colorado Fuel and Iron Corporation 





KLIXON KX4 
Hermetic Switch 
helps reduce weight, 
save power for 


Cross Section of KX4 Switch (actual size) € NA rr K 


Cole Electric 
Substation 


Roller 
Plunger Actuator 


A vital weapon in the U.S. Air Force arsenal is the Northrop 

SNARK, a 5,000-mile Intercontinental Guided Missile. And, in the 

SNARK as in other operational aircraft and guided missiles, 

Klixon controls play a vital role. 

The switch-over problem from ground to missile power was solved by a 

Basic Switch Cole Electric Company miniaturized, electrical substation which 
MS 24456-1 . . 92 

reduces the weight from several hundred pounds to 28 pounds. 


And, an important component in the Cole substation is the 
Roller Leaf Klixon KX4 Hermetic Switch, manufactured to exacting tolerances, 
Actuator and fully approved under MS 24456-1 (USAF). 
The KLIxon KX4 Hermetic Switch is enclosed in a strong steel case capable of 
withstanding heavy impact and compression loads. True hermetic sealing is achieved 
with a metal “wave type”’ diaphragm at the actuating lever, providing precision 
switching unaffected by all environmental conditions. The KLIXON KX4 has a 10 ampere 
30V D.C. or 115V A.C. rating and is available with a variety of actuators. 
We'll be pleased to design special packaging to meet the requirements 
Toggle of your application. Write for our precision switch catalog. 
Actuator 
Western manufacturers — refer inquiries direct to Metals & Controls Corporation, 
Southern California Office ...232 North Lake Avenue, Pasadena, California. 
Telephone Ryan 1-4288. 


METALS & CONTROLS }"| CORPORATION 


Spencer Division 3609 Forest Street, Attleboro, Mass. 


KLIxON 
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Product Application— 
dpoint of Research 


The En 


\ KNOWLEDGE OF BASIC SCIENCE and research 
development is inherent in sound modern de- 
sign-engineering practice. We have stated this 
proposition more than once in this space 
(most recently in the July editorial “The 
‘Need-to-Know’ a Challenge to Design 
Engineers”). And we intend to reiterate this 
point of view as often as we think it necessary. 
But there is an obvious corollary to this 
the endpoint of both funda- 
mental and applied research is product appli- 


proposition: 


cation. Research and application are the two 
sides of the same coin. 

In the present climate of concentration on 
research, we face the danger of substituting a 
fetish for a reality. We cannot pursue the 
fundamental at the expense of the practical. 
Neither is exclusive of the other. Rather, we 
must revitalize, with the forces of research. 
the product application of materials, com- 
ponents and associated techniques. “Know- 
how” is no doubt a term worn smooth by 
over-usage, but it is still straightforward and 
meaningful in the context of design engi- 
neering. It implies practical knowledge born 
of production experience. If an imbalance is 
to be avoided, those who are engaged in the 
research and development phase of the design 
engineering activity must be cognizant of the 
hard facts of this experience. 

It is significant that a grass-roots movement 
in the electrical insulation field is to culminate 
this month in the First National Conference 
on the Application of Electrical Insulation 
(September 3, 4, and 5 in Cleveland) under 


the joint sponsorship of the American Insti- 
tute of Electrical Engineers and the National 
Electrical Manufacturers Association. The 
key word is “application.” There is of course 
full recognition of the vastly important, not 
to say essential, coverage of fundamental and 
applied research in the meetings, symposia 
and conferences sponsored by other organiza- 
tions and groups. But there is also recognition 
that the field of electrical insulation spans a 
broad spectrum from fundamental research 
in dielectrics at one end to practical applica- 
tion of insulating materials to specific equip- 
ment at the other. 

The application conference is intended to 
“provide a meeting ground for makers and 
users of electrical insulation on a formal and 
informal basis, thereby leading to better utili- 
zation of existing materials and to better di- 
rection in the development of new materials.” 

Emphasis on the broad spectrum of activity 
in electrical insulation is also reflected in the 
recent change of name of the AIEE Commit- 
tee on Dielectrics to the AIEE Committee on 
Electrical Insulation. 

The same reasoning, in fact, applies to all 
classes of materials as well as components. 
It may be noted that at the high level of the 
Secretary of Defense, the current office of 
the Assistant Secretary of Defense (Research 
and Engineering) supersedes and combines 
two previous offices, devoted separately to 
Research and Development and to Applica- 
tions Engineering, respectively. 
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Silicon Power Rectifiers 
—A Survey 


The importance of the silicon diode as a power rectifier is evidenced 


by the rapidly growing number of types available and manufacturers 


producing them. Because of the critical nature of most silicon 


rectifier applications, this profusion of available units creates a distinct 


selection problem for the design engineer. All of the important rectifier 


characteristics, most of which are listed here. must be carefully considered. 
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Fig. 1—Current vs temperature derating curves for 
leamp 135 C rectifier made by Microwave Associates. 
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JOHN R. RIGGS 
Associate Editor 


OF THE THREE MOST IMPORTANT semiconductor materials 
(silicon, selenium, germanium). silicon appears to be 
taking a commanding lead as far as use in power recti- 
fiers is concerned. In many applications it is replacing 
electron tubes and conventional metallic rectifiers. As is 
the case with many other semiconductor components, the 
variety of sizes and styles of silicon power rectifiers 
available today is almost staggering. The rate at which 
the number is growing, in fact, is so great that it has 
been difficult at times to “hold things still” long enough 
to conduct the survey on which this article is based. 

The accuracy of the preceding statements with regard 
to silicon’s dominance is true, of course, within certain 
limits. For low-voltage, high-current applications (below 
100 volts and around 25 amp) selenium seems to be pre- 
ferred: and for very high voltages (above 1000, for in- 
stance) conventional thermionic tubes are desirable. 
However, for the broad medium range of voltages from 
50 to 600 or 800 and for currents per junction from | 
to 100 or even 250 amp, the silicon rectifier offers the 
most efficient operation. 

The usefulness of the silicon rectifier is enhanced by 
its stable operation in unfavorable mechanical and ther- 
mal conditions. Most of the models available, in addition 
to being compactly and ruggedly built to withstand 
mechanical shock, are rated for storage and operating 
temperatures from —65 to 150 C with many being ca- 
pable of operation at 175 or even 200 C. They must all, 
of course, be derated at high temperatures, but the fact 
that they can be depended upon for operation at these 
levels makes them ideal for the currently very important 
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applications in missiles and supersonic aircraft. Their 
small size is an additional “plus” factor for airborne 
applications. 

Characteristics. For the purposes of convenient classi- 
fication the silicon power rectifiers covered by this sur- 
vey have been divided into four groups according to the 
amount of d-c forward current which they are rated to 
carry. Table I covers units in the size range from 1 to 
3 amp: Table II is for 5- Table Ill 
for 25 to 75 amp: and Table IV for sizes over 100 amp. 

In preparing the tables, an attempt has been made to 


to 20-amp sizes; 


cover all of the more important rectifier characteristics 
which must be considered in selecting a rectifier for a 
particular application. It was felt that the current rating 
at a specified temperature provided the two most im- 
portant characteristic values. They are therefore given in 
the first two columns of the tables. The third character- 
istic. peak inverse voltage, is the only other value which 
may definitely limit a rectifier’s application. Four values 
which may or may not be important are reverse current, 
forward voltage drop, maximum surge current, and maxi- 
mum recurrent peak control. All of these characteristics 
will be discussed in detail later. 

For the sake of conserving space, abbreviated forms 
of the manufacturers’ names are given in the “Source” 
column. The complete names and addresses of all manu- 
facturers may be found in the acknowledgments at the 
end of this article. 

Standardization. In considering the tables which 
constitute the major portion of this article, the most im- 
mediately evident factor is the almost complete lack of 
standardization. In only one or possibly three cases has 
the leveling influence of the military specification (MIL- 
E-1) had any effect. The one instance is listed as the first 
item in Table I and it is a standard l-amp rectifier des- 
ignated by the JETEC number 1N253. For most practical 
purposes the 1N253 units made by the seven different sup- 
pliers listed are interchangeable, although even here there 
is an occasional slight disparity between characteristics 
given by the different companies. For instance, some 
companies list the peak inverse voltage as 100 and some 
give 95, and one of the suppliers specifies a forward volt- 
age drop of 2 volts rather than the more common 1.5. It 
is advisable, therefore, for the design engineer in this 
case as in all others concerned with silicon rectifiers to 
consult the specifications of the individual company 
whose product he plans to use. 

Another instance in which some degree of standardiza- 
tion has been achieved is that of the JETEC 1N338 and 
1N347 made by International Rectifier, Microwave, and 
Transitron. These units are not listed together in Table 
I, however, since there were sufficient differences bet- 
ween some of the values given to make combined listing 
impractical. JETEC Types 1N1115 through 1N1118 made 
by General Electric and Hoffman also might prove to be 
interchangeable in individual application. 

Current, Temperature and Derating. The d-c cur- 
rent which a rectifier can handle at.a specific temperature 
is the most important item to be considered in the selec- 
tion of a silicon power rectifier. Aside from the standard 
ratings given in the tables, it is an almost universal cus- 
tom for the manufacturer to provide a temperature vs 
current table for his rectifier so that the user may de- 
termine, for instance, how much cooling will be necessary 
in order to draw a certain current or, conversely, what 
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Fig. 2—Combined curves for current vs temperature and for- 
ward power dissipation vs current for a 5-amp rectifier made 


by Bendix. 
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for circuits potted or enclosed so 
that free aw convection is not 
available, derate current to 50% 
of value shown 
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Average rectified forward current, amp 


Fig. 3—Curve furnished by Texas Instruments for determining 
necessary heat sink area for operation at a particular current 
rating. 
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Fig. 4—Size of cooling fin vs average current for various 
values of ambient current for a 17.5-amp rectifier made by 
General Electric. 


maximum current can be drawn at a specific case tem- 
perature. Exceeding the maximum temperature at a spe- 
cified temperature may cause thermal run-away and lead 
to damage to the junction. 

In most cases, the temperature value used in determin- 
ing the current rating is a case temperature which can 
be measured by placing a thermocouple next to the base 
of the rectifier. It will be noted, however, that some of 
the temperature ratings given in the tables are ambient 
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Fig. 5—A and B: Standard l-amp stud case. Dimensions shown are those given by 
Hoffman Electronics Corp. for the JETEC 1N253 rectifier. Unit shown at B is 1N253 
made by Transitron Electronic Corp. Rectifiers of same type made by other companies 
vary only slightly as to dimensions and appearance. C: Sarkes Tarzian encased l-amp 
rectifier. D: Dimensions of Motorola Type 1N1578 l-amp, 125 C rectifier. E: U.S. Semcor 
diodes have bodies 0.290 in. long. Stud-mounted unit is capable of 4 amp rectified current 
with heat sink. 


temperatures. Figure 1 shows some typical derating curves 
for a l-amp rectifier. The bottom curve, plotted against 
; ambient temperature, covers the situation where no heat 
+ _sonc-2 sink or other means of cooling is used, while the curve 
(Both ends) at the top plots current ratings vs case temperatures and 
assumes that some means of cooling is used. Another type 
of derating curve often used in shown in Fig. 2 for a 
5-amp rectifier. In this case, forward power dissipation 
vs current is plotted as well as temperature vs current 
since it is primarily the power dissipation which causes 
the increase in junction or case temperature. 
The normal current ratings in the tables are based on 


-20 thread resistive or inductive loads. If the load is to be capacitive, 


Chassis 
(heat sink) 





the rectifiers must be derated. Derating as much as 20 
per cent is recommended by some manufacturers. 

Since the derating of rectifiers plays such an important 
part in their selection, most of the manufacturers include, 
as part of the characteristic information on their product, 
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Fig. 6—Dimensions and special mounting 


for 5-amp silicon rectifier made by Audio Devices, Inc. 
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instructions with regard to the proper size of heat sink 
required or the amount of forced air ventilation needed.* 
Figure 3 shows a typical curve to be used in determining 
the necessary area of heat sink required in order to draw 
a certain amount of rectified current with an ambient 
temperature of 50 C. Figure 4, from another source, plots 
fin size vs average forward current for various ambient 
temperatures. On all of its data sheets for rectifier cool- 
ing, Sarkes Tarzian gives a formula for determining the 
necessary fin size: 

Area _2 too _ 
0.008 Tp 
In the formula, /p¢ is the actual d-c load current and Tp 


equipment " . 
*See “Design of Fins for Cooling of Semiconductors,”’ Evecrrica. MANUFACTUR- 
inc, November 1957, p 98. 
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Table I—Characteristics of Silicon Power Rectifiers in Ratings of 1 to 4 Amp D-C 





Max. current 
at specified 
temperatures 


Source and type No. | 


| 


amp 


deg C | volts 
| 


| Forward 
| Reverse voltage 


| current 


ating 
t2mp 


| Peak 
|} inverse 
| voltage 


yr cs 


Oper- 


Max. 
surge 
current 


amp 


| Max. 
recur- 
rent 
| peak 
} 
} amp 


Physical characteristics 





General Electric, 1.0 | 


General Instrument, 
Hoffman, Hughes, 
Microwave, Raytheon, 
Transitron 

Type 1N253 


Bogue 
Type 10SS 


Bradley 
Types 1N607 through 
1N612 


Fansteel 
Type 1A 


General Electric 
Types 1N1115 
through 1N1120 


General Instrument 
Types 1N338, 1N347, 
AM4 through AM64 


General Instrument 
Types AM1 through 
AM61 


Hoffman 
Types 1N1115 
through 1N1118 


Hughes 
Types HR10741 
through HR10749 


Hughes 
Types HR10679 
and HR10681 


Hughes 
Types HR10671 
through HR10677 


International 
Types 1N607 through 
1N614 and 1N607A 
through 1N614A 


Microwave 
Types MA-4016 
through MA-4022 


Microwave 
Types MA-4044, 
1N338, 1N347, 
MA-4049-4051 


Motorola 
Types 1N1569 
through 1N1572 


Motorola 
Types 1N1575 
through 1N1578 


Raytheon 
Type 1N254 





0.2 at 
100 C* 


50-500 


0.005 
a 35: "* 


0.003 at 
3'Cr" 


3 amp 
y ho 


1.5 at 
2 amp 
25C 


1.5 at 
3 amp 
25C 


150* 100 


1.2 at 
1 amp 


2.0 at 
2 amp 
25C 


2.0 at 
2 amp 
25C 


1.2 at 
0.5 amp 
sf” 


170* 


1.2 at to 
1 amp 170* 
25 C* 
0.10 at 1.5 at —65 
135 C | 1.0amp| to 
| se 150 


4 for 
3 ms 
or ly, 
cycle 


10 for 
1 cycle 


15 for 
1 cycle 


10 for 
5 ms 


15 for 
1 cycle 


20 for 
14 cycle 


20 for 
14 cycle 


15 for 
1 cycle 


15 for 
20 ms 
at 135 C* 


13 for 
1 cycle 


70 for 
16 cycle 
“a35:¢"" 


70 for 
4 cycle 
25 C* 


1.5 for 
0.1 sec 


4 


4 at 
100 C* 


10-32 stud. 0.800 in. 


above stud. 


10-32 stud. 0.800 in. 


above stud. 


10-32 stud. 16 in 
above stud. 


4-40 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


Axial leads. 426 in. 


body. 


10 stud. 0.75 in. high 


above stud. 


10-32 stud. 
above stud. 





*Case temperature. 
**Ambient temperature. 
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(1) Current ratings based on proper heat sink to limit 


case temperature to 170 C. 


(2) Models rated at 95 a-d 100 PIV available with inverse current ratings of 0.1 and 0.2 ma respectively. 
(3) Cooled to 70 C for 50-200 PIV, 60 C for 500 PIV, 40 C for 800-1000 PIV. 


(4) Type 1N338 has reverse current of 0.2 ma. 


(5) Type 1N1115 has reverse current of 0.4 ma at 150 C. Types 1N1116-1N1118 have 0.3 ma at 150 C. 
(6 ) Types 1N607-1N614 have reverse current of 0.025 ma at 25 C. Types IN607A-1N614A have 0.001 ma at 25 C. 


(Continued on next page) 


59 





Table | (Continued) 





Max. 
Forward Max. recur- 

Reverse voltage surge rent 
current drop current peak 


Max. current Peak 
at specified inverse 
temperatures voltage 


Source and type No. Physical characteristics 


amp | degC volts volts amp amp 





Raytheon 
Type 1N255 


Raytheon 
Types CK846 
through CK851 


Sarkes Tarzian 
Types N2, N3 and 
N4 


Sarkes Tarzian 
Type Pl 


Sarkes Tarzian 
Type Jl 


Sarkes Tarzian 
Type L 


Texas Instruments 
Types 1N1124 
through 1N1128 


Transitron 
Types TM1 through 
TM61 


Transitron 
Types TM84, TM104 
and TM124 


Transitron 
Types TM4-TM64 
IN338, IN347 


Transitron 
Types TM7 through 
TM67 


Trans-Sil 
Type R 


U. S. Dynamics 
Type USD-5091 


U. S. Dynamics 
Type USD-142 


U. S. Dynamics 
Type USD-145 


U. S. Semcor 
Type LRR 


U. S. Semcor 
Type LPR 


U. S. Semcor 
Type RR 


U. S. Semcor 
Type PR 


Westinghouse 
Type 305 


ie" 
30* 


30* 
100* 
150* 
100* 


150* 
(1) 


100* 
150* 


100* 


380 


800 


1000 


1.5 for 
0.1sec 


20 for 
0.1sec 


15 for 
4 ms 


at 
50 "* 


20 for 
4 ms 
at 150 C** 


60 for 
4 ms at 
100 C** 


24 for 
4 ms at 
hE ead 


25 for 
1 cycle 
at 50 C** 


20 for 


2 cycles 


20 for 
2 cycles 


20 for 
2 cycles 


60 for 
2 cycles 


20 for 
1 cycle 


10 at 
156 ¢** 


10 at 
106 ¢** 


12 at 
130?" 


10 at 
aaa 


10-32 stud. 0.800 in. 
above stud. 


10-32 stud. 0.800 in. 
above stud. 


10-32 stud on both 
ends or on one, with 
lug or lead on other. 
Vi¢ in. body. 


Axial leads. in. body. 
Convection cooling. 


Axial leads. \%4 in. 
body. Convection cool- 
ing. 


End ferrules for fuse 
clip mounting. 1° in. 
overall. 


10-32 stud. 0.800 i 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 
above stud. 


10-32 stud. 0.75 
above stud. 


Stack construction. * 
in. OD body. Conv 


tion cooled. 


14-28 stud. 0.90 
above stud. 


14-28 stud. 
above stud. 


14-28 stud. 
above stud. 


Axial leads. 


Axial leads. 
body. 


Stud mount. 


4-40 stud. Approx. 5 
in. above stud. 


Type 305: 10-32 stud. 
14, in. above stud. 
Also made with two 


| wire leads (Type 310), 
| but must be derated. 
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is the predetermined maximum permissible rise above 
ambient in deg C. 

Most suppliers have special mounting hardware for 
attaching the rectifier to the sink and for providing elec- 
trical insulation between the rectifier case and the sink 
if necessary. 

Peak Inverse Voltage. In the column in the tables 
labeled “peak inverse voltage” is given the range of volt- 
ages for which rectifiers of the specified current are avail- 
able. In most cases the lowest rating is 50 volts with 100 
next in order and in increments of 100 volts thereafter. 
Units with PIV ratings of 150, 250, 350, etc. are available, 
however, from some suppliers. 

Most manufacturers call attention to the fact that this 
voltage rating is the peak value by also listing the maxi- 
mum RMS voltage. this value being approximately 0.707 
times the peak value. One or two companies are more 
conservative in their RMS ratings, giving “recommended” 
maximum values as low as about one quarter of the peak. 

Reverse Current. The reverse leakage current which 
can be expected from a rectifier is an indication of its 
efficiency and the price of poor efficiency is, of course, 
high temperature rise. It will be noted that most of the 
manufacturers give their reverse current ratings at spe- 
cific operating case temperatures, thus indicating the re- 
lationship between the two. 


Forward Voltage Drop. A second characteristic 
which is closely related to efficiency and which, conse- 
quently, is related to temperature rise is the forward volt- 
age drop. Since this characteristic is closely related to 
forward current, it is customary to give the forward 
voltage drop rating at the nominal current rating of the 
rectifier. 

Maximum Surge and Recurrent Peak Currents. 
When the load circuit of a rectifier is to contain elements 
(capacitors, for instance) which cause large current 
surges or recurrent peaks, it is necessary to take some 
steps to alter the circuit (by adding resistance or in- 
ductance) to limit the current to the maximum values 
for the time durations given in the tables. These values 
are also necessary in the determination of the proper 
overload protection required. 

Physical Characteristics. The basic construction of 
the rectifier is given in the last column of the tables. 
Unless otherwise noted, the standard configuration con- 
sists of a mounting stud below a hexagon nut with the 
junction itself contained in the main body above the hex 
nut as shown at A and B in Fig. 5. Connections are made 
to a solder lug on the top with the return through the 
mounting stud to the chassis. In most cases the mounting 
stud is connected to the cathode of the rectifier; how- 
ever, practically all of the manufacturers also supply the 


Table li—Characteristics of Silicon Power Rectifiers in Ratings of 5 to 20 Amp D-C 





Source and type No. 


Peak 
inverse 
voltage 


Max. current 
at specified 
temperatures 


amp | deg C | volts 


Reverse 
current 


Max. 


Forward 
voltage 
drop 


volts 


| 


Oper- 
ating 
temp 


deg 
c** 


Max. 
surge 
current 


recur- 
rent 


peak 


amp 


Physical characteristics 





Audio 
Type F1 


Bendix 
Types 1N1612 
through 1616 


Bradley 
Types BY301 
through BY307 


Fansteel 


General Electric 
Types 1N1301 
through 1N1306 


Genera! Instrument 
Types 0505 through 
3505 


General Instrument 
Types 0510 through 
3510 


General Instrument 
Types 0520 through 
3520 


General Instrument 
Types 1N248, 1N249, 
1N250 


*Case temperature 
**Ambient temperature 
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| 100-400 


5.0 | 


100* 
150* 








| 150* 


| 


150* 


(1) Wafer temperature. 





5 at 
150 C* 


at 


5 
150 C* 


5 at 
150 C* 


5 at 
150'C° 


(2) Current ratings are based on proper heat 
(3) Current ratings are based on proper heat 


1.4 


1.5 at 
10 amp 
25C 

1.2 at 
10 amp 
25C 
0.9 at 
20 amp 
25.C 

0.63 at 

150 C* 


15 amp 
25C 


1.25 at 
25 amp 
25C 


1.25 at 
50 amp 
25C 


25 amp 





1.5.0 
Lr. 





—65 
to 


| 200 


| 


1.25 at |—65 


to 


| 150 


|—65 


to 
150 


—65 
to 


150 


—65 
to 
175 





15 





25 for | 
1 cycle} 


| 


300 } 120 


1 cycle 


200 for | 


| 60 
5 ms 


300 
1 cycle 


90 
V4 cycle} 


150 
14 cycle 


| 300 


V4 cycle 


150 for 
l6 cycle 


sink design to limit case temperature to 170 C. 
sink design to limit case temperature to 125 C. 





634, in. length overall. 
14-20 threads both 
ends. May be used in 
special holder with de- 
rating. 


10-32 stud. 0.700 in. 
above stud. 


14-28 stud. 7% in. above 
above stud. 


Check with manufac- 
turer for stud-mounting 
dimensions. 


4-28 stud. 0.875 
above stud. 


4-28 stud. 
above stud. 


4-28 stud. 
above stud. 


4-28 stud. 
above stud. 


4-28 stud. 
above stud. 


(Continued on next page) 
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Table Il (Continued) 





Max. current 
at specified 
temperatures 


Peak 
inverse 
voltage 


Reverse 
Source and type No. current 


amp | deg C volts ma 


Forward 
voltage 
drop 


ating 


volts 


Oper- | 


Max. 
surge 
current 


amp 


Physical charactertitics 





General Instrument 20 
Types 1N248A, 
1N249A, 1N250A 


150* 50-200 


International 150* 
Type 6F 


50-400 


International 
Type 12F 


50-400 


Sarkes Tarzian 50-400 


Types P2, P3 and P4 


Sarkes Tarzian 
Type LF 


Sarkes Tarzian 
Type J2 


Sarkes Tarzian 
Type Q4 


Sarkes Tarzian 


Type R 


Thermosen 
Type P1000 


Thermosen 
Type P1500 


Thermosen 
Type P2000 


Transitron 
Types TR51 through 
TR401 


EE 





Transitron 
Types TR52 through 
TR402 


Trans-Sil 
Type S 


Trans-Sil 
Type T 


U. S. Dynamics 
Type USD-162 


U. S. Dynamics 
Type USD-5051 


Westinghouse 
Type 341 


Westinghouse 
Type 304 


Westinghouse 
Type 303 


62 





1.2 at 
10 amp 


1.5 at 
15 amp 


1.2 at 
20 amp 


1.2 at 
10 amp 


1.2 at 
15 amp 


1.2 at 
20 amp 


1.5 at 
25 amp 


25C 


1.5 at 
50 amp 
te 


1.0 at 
5 amp 


| 2sc** 


1.0 at 
10 amp 
25 C”" 


a F 
5 amp 
Bh 


1.2 at 
5 amp 
2%” 


1.3 peak 
at 6 amp 
150 C* 


1.6 peak at 
12amp | 
150 C* 
2.3 peak at | 
22 amp 
130 C* 


300 for 
lg cycle 


50 for 
1 cycle 


65 for 
1 cycle 


20 for 
4 msat 
150 C** 


24 for 
4 ms at 
mw. 


80 for 
4 msat 
100:<C** 


50 for 
4 ms at 
150 Cc" 


200 for 
4 ms at 

100 C** 

150 for 


1 cycle 


150 for 
1 cycle 


250 for 
1 cycle 


60 for 
2 cycles 


150 for 
2 cycles 


50 for 
1 cycle 


95 peak 
for 1 sec 


95 peak 
for 1 sec 


95 peak 


for 1 sec | 


14-28 stud. 
above stud. 


14-28 stud. 
above stud. 


0.9 in. 


14-28 stud. 
above stud. 


0.9 in. 


10-32 stud on both ends 
or on one, with lug or 
lead on other. 1% in. 
body. 

End ferrules with spec- 
ial hardware for mount- 
ing in heat sink. 13% in. 
overall. 


12 at 
136: ** 


16 at 
150: 


10-32 stud. Axial lead. 
V4 in. body. 


50 at 
100 ¢** 


33 at 
Cc 


54-24 stud both ends. 
2ae5 in. body. 


120 at 
100 <** 


3-hole base mounting. 
7% in. high body. 


3g «stud. =e 
above stud. 


120 


34 stud. lle 
above stud. 


34 stud. 7% in. above 
stud. 


14-28 stud. 1 in. above 
stud. 


45 at 
s<** 


14-28 stud. 1 in. above 
stud. 


90 at 
ie <S"" 


25 Stack construction. 
in. OD body. 


Stack construction. 


in. OD body. 


14-28 stud. 0.90 
above stud. 


14-28 stud. 0.90 
above stud. 


0.190-32 stud. 4 
above stud. 


0.190-32 stud. %4 
above stud. 


\Y%-28 stud. 
above stud. 
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same units with the polarities reversed. Most companies 
will also supply the necessary hardware to insulate the 
stud from the chassis if this is desired. 

A type of encased rectifier for commercial applications 
is shown at C in Fig. 5. This l-amp unit is mounted by 
the coaxial leads and does not require artificial cooling. 
The unit shown at D in Fig. 5 is another special type with 
conventional stud mounting but with both the anode and 
cathode brought out to solder terminals on the top. The 
special mounting equipment required for the unit in Fig. 
6 may be obtained from the manufacturer. 


Table Iii—Characteristics of Silicon Power 


In Fig. 7 at A, B and C typical dimensions and con- 
figurations for the standard 5- to 20-amp rectifiers are 
shown. At D in the same figure is a special 5-amp type 
which requires special mounting equipment obtainable 
from the manufacturer. On the unit at E in Fig. 7, 
normal soldering lug has been replaced by a pigtail with 
a connecting lug to facilitate installations where a num- 
ber of rectifiers are to be tied to a common bus. 

A rectifier with a special three-hole mounting base to 
increase the heat conduction properties is shown in Fig. 
8. The sizes of typical 25- to 50-amp units are indicated 


the 


Rectifiers in Ratings of 25 to 75 Amp D-C 





| 


Source and type No. 


Peak 
inverse 
voltage 


Forward 
voltage 
drop 


Max. current 
at specified 
temperatures 


Reverse 
current 


amp volts volts 


deg C 


Oper- | 


ating 


temp | 


deg 
c** 


| Max. 
recur- 
rent 
peak 


Max. 
surge 
current 


amp amp 


| Physical characteristics 
I 
| 





Audio 
Type K7 


Audio 
Type M7 


Audio 
Type P7 


Audio 
Type R7 


Bendix 
Types 1N1434 
through 1N1438 


Bogue 
Type LDS 


General Electric 
Type 4JA60 


General Electric 
Type 4JA62 


International 
Type 25 


Sarkes Tarzian 
Type S 


Thermosen 
Type P2500 


Thermosen 
Type P3000 


Transitron 
Types TH52B 
through TH402B 


Westinghouse 
Type 302 


*Case temperature 
**Ambient temperature 


(1) Current ratings are based on proper heat sink 
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25 190* 100-400 1.5 at 


25 emp 


1.5 at 

75 amp 
25.C 

} 1.2 at 

| 60 amp 
25 ¢ 


1.0 at 
60 amp 
25C 


1.0 at 
50 amp 
s< 

1.0 at 
24 amp 
2.¢ 


1.2 at 

45 amp 

1.2 at 
35 amp 


1.2 at 
25 amp 


1.2 at 
30 amp 


1.5 at 


150 amp 


| 
og 


1.45 peak 
at 35 amp 
_140 C* 


design to limit case temperature to 125 C. 


to 
190 


—65 
to 
200 


—65 
to 
200 


to 
200 


to 


100 


-65 
to 


150* | 


|—65 


to 


150* | 


—65 | 


to 


| 175 


| 


to 


350 for 


| 250 for 


| 250 for 


| 300 for | 
i80* | 


250 for 
15 ms 


150 


350 for 
15 ms 


| 500 for 


15 ms 


750 for 


15 ms 


| 250 for 


1 cycle 


300 for 
1 sec 


900 for 
1 cycle 


| 900 for 


1 cycle! 


500 for | 

6 cycle 

210 at 
4msat} 100 C** 
100 C** | 

| 200 

1 cycle} 


| 3-hole base mounting. 
54 in. high body. 


3-hole base mounting. 
54 in. high body. 


3-hole base mounting. 
59¢, in. high body. 


3-hole base mounting. 
554 in. high body. 


14-28 stud. 1 in. above 
stud. 


3 g-24 stud. 


Yy in. pipe 
47% in. above 
ing surface. 
\Y% in. pipe 
41%, in. above 
ing surface. 


thread. 
mount 


thread. 
mount- 


| 14-28 stud. 
3-hole base mounting. 
% in. high body. 
34 stud. % in. above 
| stud. 





200 
1 cycle} 


300 for | 
2 cycles} 
| 


| 


34 stud. % in. above 
stud. 


34-24 stud. 1.062 in. 
above stud. 





110 
1 sec 


14-28 stud. 1% in. above 
above stud. 




















"U' type silicon | 
‘rectifier 


Metal washer | 


6-32 screw 


D 


Fig. 7—A, B and C are standard 5- to 20-amp units 
with 4-28 mounting stud and approximately the same 
overall dimensions. A: Bradley Laboratories. B: Gen- 
eral Instrument. C: General Electric. D: Dimensions 
and special mounting equipment for 5-amp Type LF 
rectifier made by Sarkes Tarzian. E: Fansteel 20-amp 
rectifier with pigtail connector. 


in Fig. 9 and a unit with taper pipe threads rather than 
the standard stud is shown in Fig. 10. Units of this size 
(150 amp) are usually available with either the stud or 
pipe thread mounting. A 400-amp rectifier in a copper 
housing for high power applications is shown in Fig. 11. 

Design Considerations. In addition to concern for 
the normal ratings and characteristics, there are many 
factors which the designer must consider in selecting and 
applying silicon rectifiers. One of these is overload pro- 
tection. This protection may be obtained either by the 
use of devices which will interrupt current flow or through 
the inherent impedance of other components in the cir- 
cuit. The former may include circuit breakers or fuses 
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either in the a-c input circuit, in series with each rectifier 
(assuming it is a complex circuit requiring a bridge or 
a number of rectifiers in parallel), or in the d-c output 
circuit. Current limiting fuses may also be used.* 

Practically all of the rectifier manufacturers include 
with the ratings for their products information on how 
the individual diodes may be combined into a single- 
phase, full-wave bridge; a three-phase, half-wave circuit; 
or a three-phase. full-wave bridge. In fact, most derating 
curves include plots for derating the units under the dif- 
ferent conditions of the various circuit applications. In 
most standard cases. however, if the designer does not 
wish to design his own bridge or combination circuit 
starting with the individual diodes, he may obtain a recti- 
fier stack with the diodes already mounted on cooling fins 

In cases where a number of diodes are used in parallel 
to obtain a high current rating, the problem of imbalance 
is bound to occur due to the inherent disparity in char- 
acteristics of different diodes randomly chosen. This con- 
dition may be corrected by one of several processes. These 
include the use of matched diodes with identical forward 
drop characteristics, ballast or equalizing resistances, or 
paralleling reactors. 

Additional design factors which may or may not be 
considered, depending on the application, include: the 
altitude at which the equipment is to be used (this factor 
will undoubtedly increase in importance—one manufac- 
turer already lists maximum altitude as one of the recti- 
fier’s ratings) and maximum supply frequency. 

Applications. Silicon rectifiers are being utilized in 
an increasingly wide variety of applications. The broad 
areas of use with some specific examples are given below. 

1. Conversion equipment for electrochemical and metal- 
working processes, including hydrogen, oxygen, fluo- 
rine and chlorine gas production, copper refining, alumi- 
num reduction. electroplating, anodizing, arc welding. 
and vacuum furnace excitation. One installation in a cop- 
per refinery uses eight 130 kwh rectifier units, each 
rated at 2000 amp. 65 volts. A steel mill electrolytic tin 
plating process uses 40,000 amp at 18 volts. A power 
supply for a vacuum-arc furnace provides 3000 amp at 
40 d-c are volts. 80 d-c volts open circuit, with maximum 
short circuit current of 4500 amp. 

2. Battery chargers. A typical charger for lead-acid 
truck batteries converts standard 115-volt supply to a 
regulated 12 volts d-c. Another supply uses a magnetic 
amplifier for control to supply closely regulated current 
(variable from 14 to 6 amp) for charging silver cell 
batteries. In another type of charger, silicon rectifiers are 
used as blocking diodes to prevent the battery from dis- 
charging through a d-c generator when the system is shut 
down. This system provides 1.5 kw at 37 volts. 

3. General industry d-c supplies. used for operation 
of cranes, elevators, machine tools, lighting, magnetic 
chucks, etc. Typical ratings are for 75 through 600 kw 
for a two-wire 250-volt system. One motor speed con- 
troller converts 440-volt, 3-phase a-c to d-c to control a 
variable-speed shunt-wound motor in ratings from 10 to 
200 hp. Speed regulation of 5 per cent no-load to full-load 
is obtainable. 

4. Aircraft and guided missile ground supplies. In 
combination with magnetic amplifier control. one typical 
supply provides 15-kw, 28-volt power operating off a 


* An article covering in detail the subject of overcurrent protection for semi- 
conductor rectifiers will appear in a forthcoming issue of Evecrrica, Manurac- 
TURING. 
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Fig. 8 (left)—Three-hole base mounting 
Clearance hole ( an —— type of rectifier. Unit shown is Audio De- 


for No IO screw 


Fig. 9 (right) — 
by International 


vices Type K7. Others are similar. 


A: Silicon rectifier 
Rectifier rated 


at 25- to 45-amp with 4-28 mount- 
ing stud. Height from mounting 
surface to top of soldering lug is 
2749 in. B: Type LDS, 50-amp unit 
made by Bogue Electric. 





variable frequency generator driven by a truck gasoline 
motor. Another system supplies current in ranges from 30 
to 1500 amp at voltage ranges from 51% to 135 volts d-c 
with a regulation of 0.5 per cent, a response time of 
0.1 sec and a ripple of 1 per cent RMS. 

5. Brushless machinery, to provide d-c power to the 
field of an alternator in high-altitude applications. 

6. Potted assemblies on standard receiving tube bases. 
to replace vacuum tube rectifiers in communications 
equipment, specifically television receivers. 

7. General shipboard use, for degaussing, aircraft 
servicing and starting. static excitation systems, elec- 
tronic power supplies, cathodic protection, small boat 
generators, and battery charging. 

8. Magnetic amplifiers of many types. as_ blocking 
diodes. fokeze) 
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| 
Fig. 10—Dimensions 
for a typical %4-in. 53 max 
taper pipe thread 
mounting. Unit shown 
is by Westinghouse, 
150 amp. 

Hex - IZ 

across flat 


3 taper 
4 


pipe threads 


Fig. 11—Body of 400-amp_ rectifier 
made by Trans-Sil is % in. high. 
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Table 1V—Characteristics of Silicon Power Rectifiers in Ratings of 100 Amp D-C and Over 





Max 
| Max. current Peak Forward Oper- Max. recur- 
at specified inverse Reverse voltage ating surge rent 
Source and type No. temperatures voltage current drop temp | current peak Physical characteristics 


deg 
deg C volts volts ag amp amp 








Audio 190* 100-400 1.5 at to 1000 for 600 3-hole base mounting. 
Type T7 100 amp 190 15 ms 14% in. high body. 
2c 


Audio 50 0 1.5 at 1500 for 3-hole base mounting. 
Type V7 150 amp 15 ms 1% in. high body. 
25C 


Audio 1.5 at 2000 for (1200 3-hole base mounting 
Type X7 200 amp 15 ms 114 in. high body. 
3c 


General Electric 5 5 1.0 at 6000 for 1144-12 stud. 
Type 4JA80 400 amp 1 cycle 
25C 


International 5 1.2 at Available with either 
Type 45 150 amp 14-20 stud or 34-14 
pipe thread. 


International 5 5 55 ;: 3 Available with either 
Type 70 250 amp 14-20 stud or 44-14 
pipe thread. 


2° 
Sarkes Tarzian 5 1.2 at 1000 for 600 at 3-hole base mountin 
Type V 100 amp 4 msat| 100 C** | 1% in. high body. 
100 C** 


Sarkes Tarzian : 5 1.2 at 150 for 900 at 3-hole base mounting. 
Type W 150 amp 4 ms at} 100 C** | 14% in. high body. 
100 C** 


Sarkes Tarzian 5 5 1.2 at 2000 for /|1200 at 3-hole base mounting. 
Type X 200 amp 4msat| 100 C** | 14 in. high body. 
ne <** 


Trans-Sil 5 1.0 at ‘ 900 for Stack construction. *%4 
Type U - 100 amp 1 cycle} in. OD body. Ccnvec- 
<>" tion cooled. 


Trans-Sil ' 5 1.0 at 1000 for | Copper housing with 
Type D i 400 amp 1 sec 16-20 stud. 1%4 in. 
ie aie high body. 


Westinghouse 1.5 peak 1000 for Type 319: 44-20 stud. 
Types 319, 322, 326 at 150 amp lsec | Type 322: 1-20 stud. 
and 329 i335: C* Type 326: %4 in. pipe 

thread. 
Type 329: 34-16 stud. 


Westinghouse 5 1.5 peak 1700 for Type 327: 44-20 stud. 
Types 327, 328 and at 225 amp 1 sec Type 328: %4 in. pipe 
339 130 C* | | thread. 

Type 339: 34-16 stud. 





*Case temperature 
**Ambient temperature 


(1) Current ratings are based on proper heat sink design to limit case temperature to 125 C. 
(2) Current rating is based on proper heat sink or cooling to limit case temperature to 150 C. 
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Engineering Applications of 
Boolean Algebra 


BORIS BEIZER ‘ 
ArmporNe INSTRUMENT LasporaTories, Mineola, N.Y. 


STEPHEN W. LEIBHOLZ 
Repusiic AVIATION CorPoRATION, Farmingdale, N.Y. 


Designing Sequential Circuits 


When a circuit possesses memory (or its state depends on “past history” as well 


as externally applied control), the techniques of analysis and synthesis used for 


combinational circuits must be augmented. Two sets of equations must be derived: 


one set describing each output and another describing each internal secondary 


(feedback) control. 


THE RELATIONSHIP BETWEEN sequential circuits and com- 
binational circuits is analogous to the relationship between 
electrical circuits with and without feedback. As a matter 
of fact, the difference between the two is precisely a mat- 
ter of feedbacks. All of the synthesis and analysis concepts 
which apply to combinational circuits also apply to se- 
quential circuits; however, an additional complication is 
introduced by the fact that in sequential circuits certain 
outputs are fed back as controls. 

All switching circuits are “sequential” in the sense that 
time is involved in their action. If a circuit is used at all, 
it will at times be in one state and at times in another. 
However, a combinational circuit has no way of “know- 
ing” its past history and treats each control input change 
as a separate problem, producing the same response each 
time a certain control combination appears: hence it can 
be treated by combinational techniques. 

A truly sequential circuit (not accessible to combi- 
national analysis) is one which possesses memory by 
virtue of its output-control feedback loop. The output 
depends not only on the externally applied controls but 
also upon the state of certain internal secondary controls 
whose positions are determined by the circuit, not by the 
operator. 

The Doorbell Buzzer. In the doorbell buzzer circuit 
of Fig. 64A, when switch A is closed, relay X operates, 
breaking the circuit. As soon as the armature of X re- 
laxes, the circuit is again completed and the relay is 
reenergized. Either relay position involves a logical “para- 
dox” and as a result the circuit oscillates.* This circuit 
has two control variables, hence four states. Those for 
which A = | are both unstable. 

The Lock-Up Circuit. In contrast to the buzzer is the 
lock-up circuit of Fig. 64B. Initially, when power is ap- 
plied the relay remains deenergized, because relay con- 
tact x is not transmitting. When the relay is operated by 
*The reader who is familiar with feedback phenbmena will recognize the 


analogy to an amplifier with very high gain and inverse feedback through 
a series-resonant circuit. 


closing switch B, contact x will also close and the relay 
will remain locked in the energized position.+ Once 
switch B has been closed, nothing short of physical vi- 
olence will change the relay state. Hence this circuit 
possesses memory. 

Primary and Secondary Controls. Primary controls 
are switches under the control of the operator or some 
external device. Those controls whose actions are deter- 
mined by the internal workings of the circuit, on the 
other hand, are called secondary controls. In Fig. 64A 
contact A is a primary control, and contact x’ is a sec- 
ondary control. By convention, a secondary control is 
denoted by the same letter, in lower case, as the capital 
letter used to designate the circuit element which oper- 


+ The electronic analogy might be that of an amplifier with positive d-c feed 
back—a flip-flop circuit. 
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64 (A) Doorbell buzzer circuit that oscillates whenever 
primary control A is energized. (B) Lock-up circuit; 
once B has been closed, relay X remains energized even 
when opened. See Eqs (102,102a, 103,103a). 
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ates it. Thus relay X in Fig. 64B operates a normally 
open contact x which is also a control of the circuit. 
Whenever the relay is energized or deenergized (1 or 0). 
contact x has the same value (1 or 0). Thus: 

x 

0 0 

l l 


and it may be said that X — x. In Fig. 64A. on the other 
hand. the normally-closed contact x’ has value 0 or 1 in 


opposition to the value of X: 


Yet. when A = 1, X - 
ing “paradox” mentioned above, and its significance will 
be discussed shortly. 

Definition of Sequential Circuits. Various criteria 
have been offered in this series for identifying sequential 
circuits. Among them are: 


x’. This is the origin of the switch- 


1. Outputs must feed back as controls. 
2. The state of the system depends upon the past 
history of the system as well as the externally 
applied controls. 

The circuit possesses memory, or its action de- 


pends upon time. 

All of the above mean approximately the same thing. 
For circuit analysis the first statement is quite adequate. 
Whenever a secondary control appears, the circuit must 
be analyzed as a sequential circuit. Occasionally its total 
action can be duplicated by an ordinary combinational 
circuit. but this may not be evident until the analysis is 
completed. 

If a circuit is viewed as a black box, it may not be 
clear whether or not it is sequential because the secondary 
controls are not in sight. Thus, when a device is being 
designed one question is: “Will a sequential circuit be 
to do this job?” 
above are workable criteria indicating when sequential 


required Definitions (2) and (3) 
design must be employed.* This does not rule out the 
use of sequential circuits to fulfill combinational require- 
ments. Combinational circuits, however, can not be used 
to fulfill truly sequential specifications. 

In a combinational circuit the transmission functions 
for a particular combination of primary controls never 
change. In a sequential circuit, different sequences of 


applied ck pulses are independent primary variables, hence ma 


* Externall 
vt at a sequential approach. 


' 























65 “Lucky-light” circuit. When X is closed, lamps Y; and 
Yo alternately flash until X is opened—when one or 
the other remains lit. See Eqs (104) through (104f). 
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primary controls may result in different transmissions. 
For instance: the control state combination 0101 could 
yield a circuit transmission of 1 the first time and 0 
forever after. 


ANALYZING SEQUENTIAL CIRCUITS 


Control States of a Sequential System. The system 
control states of combinational circuits are given by all 
possible binary combinations of the controls. In a se- 
quential circuit this is also the case, except that some of 
the controls are primary while others are secondary. 
Hence each primary control state corresponds not to 
just one system state but to 2” states, where m is the 
number of secondary variables. Thus a single primary 
control combination, successively applied, may cause a 
system to go through many different states. 

A system state is stable if it is quiescent so long as 
the primary controls do not change. It is unstable if the 
circuit switches to another state of its own accord. The 
64A are unstable and the 
relay will buzz. as no stable states exist when switch A 


two key-down states of Fig. 


is closed. 

The system output states are given by the combined 
position or values of the outputs. Each output state may 
correspond to several system states or control states. 

Equations of Sequential Circuits. In Parts I to IV 
of this series the only relay function considered was the 
simultaneous operation of several contacts. The coil was 
assumed to be externally energized; hence the relay could 
be replaced by a large switch with many contacts, as far 
as the logic was concerned. A two-terminal combinational 
switching circuit can be completely described by a single 
boolean function. A sequential circuit, it will be seen, is 
determined by two different kinds of equations, one giv- 
ing the overall transmission function of the device and 
others which specify the feedback relations between out- 
puts and secondary controls. 

Consider the conditions under which the relay in Fig. 
644A will be energized: this condition is met only when 
Ax’ & 


feedback. the output X is seen to be given by the following 


Inspecting the circuit without considering the 


expression: 


\ Az (102) 


This is called the feedback equation of the circuit. Simi- 
larly. the feedback equation for Fig. 64B is: 


Y=r+B (103) 


From these two equations, one may generalize to a basic 
principle of sequential circuits: 

e For any state of the primary controls, if the relay 
(or any similar component such as an amplifier) and 
one of its secondary controls does not agree in “sign,” 
the state for which this occurs is not stable. 

Consider now the circuit shown in Fig. 65. It has one 
primary control (X) and two secondary controls (¥; 
and ys )—hence, eight possible control states. Since there 
are two outputs. only four output states exist and the 
feedback equations are: 

Y 


(104) 
+ yi 


When X is open, X = 0 and X’ = 1: hence the equations 
become: 


(104a) 
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Therefore. the four control states for which X = 0 are 
all stable. In whatever state the system finds itself when 
the XY contact is released, it will remain there. On the 


other hand. if X is closed: 


Y, v } yi (104b) 


Since Y. is energized whenever y» is closed, we may sub- 


stitute: 
(104e) 


Therefore the system is unstable when X L. The action 
is that of a free-running two-stage buzzer while X is 
closed, the circuit “freezing” the moment X is opened. 

Sequential Maps. Sequential equations can be more 
easily analyzed by means of sequential maps, which are 
analogous to the Karnaugh maps used for analyzing com- 
binational circuits. Since the description of a sequential 
simultaneous boolean 


usually involves several 


equations, one would expect several maps to be required. 


one for each relay transmission function. In practice this 
is not done, and the states of all the relays (outputs) 
are indicated on one map with a group of binary num- 
bers, i.e., a state code. 

Like the Karnaugh map, the sequential map gives the 
system output state for each control-input state; however. 
the arrangement and interpretation are different. Primary 
and secondary controls are listed as separate groups. The 
state codes representing the combinations of primary con- 
trol states are listed horizontally along the top of the map 
while the secondary control state codes are listed ver- 
tically at the left side. The boxes in the map are system 
states. and their entries are the output control states. 
The sequential map for Eq (102) would be the map of 
the transmission function of relay coil X: 





(102) 














Note that when A=1, there is always a disagreement be- 
tween the values of X and x. The relay coil energization 
and its secondary control contact are out of phase. The 
map for Eq (103) is: 





(103) 

















Sequential maps involving more than ‘one relay (out- 
put) are formed by considering the feedback equation 
of each output separately, writing 0 and | entries in each 
box in the same way that a Karnaugh map is con- 
structed. The total entry in each box is then the output 
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state code which occurs for that combination of primary 
and secondary control states. Thus Fig. 65 and Eq (104) 
translate to: 


X 


oO 





00 





(104d) 




















The sequential map has the following interpretation: 
Each box is a system control state with the listed output 
configuration. The operator controls primary changes and 
hence can shift the system states horizontally. The circuit 
outputs control the secondary changes and hence can 
themselves shift the system vertically. Thus the sequential 
map gives a total picture of the logic of the sequential 
system. 

Stability of a State. Comparing the sequential maps 
to the equations, a direct connection is seen between the 
stability criterion which was previously mentioned and 
the entries in the maps. The stability of each system 
state is given by the following rule: 

e If the output state entry in any box agrees exactly 
with the combined secondary control state on its left, then 
that box represents a stable state. If not, then the state 
is unstable and the system shifts vertically along the map 
to the secondary control state dictated by the output 
(relay) state. This shift does not necessarily result in a 
stable state, inasmuch as the change of secondary controls 
may also change the output state. If this occurs, the system 
shifts vertically again as dictated by the output state. The 
feedback process continues in this way until the system 
finds a stable state. If none is found, the circuit will 
oscillate (as in Fig. 64A) until the primary controls are 
changed. 

It is assumed that relay changes are fast compared to 
the primary control changes, i.e., that the system has suffi- 
cient time to arrive at stability (if possible) before each 
primary change. 

The feedback process may be further understood by 
studying the action of Eq (104d). Assume initially that 
the system is not energized, and that X = 0. This is the 
stable control state Xy;y2 — 000 inasmuch as the relay 
state agrees with the secondary control state. If X is now 
energized, the system moves horizontally to the state 
Xy;¥2 = 100, which is unstable. Its relay state is 
Y,Y2 = 01; consequently the system is forced down- 
ward to the control state 101—which unfortunately is 
also unstable. The circuit continues hunting through con- 
rol states 101, 111, 110, 100, 101, ete., never quite find- 
ing home plate. 

Deriving Sequential Equations From Sequential 
Maps. In converting a sequential map to feedback equa- 
tions it must be remembered that each set of entries in 
the boxes represents an equation for the energization of 
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a particular relay. Consider the system defined by Eq 


(105): x 


yiy2ys3 0 





000 | 000 














W 





mW 





100 





100 | 000 | 100 














At first, the system is in the 0000 control state. When A 
is closed, it shifts horizontally to the 1000 state, which has 
output state 001 and hence is unstable. The system then 
moves down to the stable 1001 control state and remains 
here until the X contact is opened, whereupon the out- 
put shifts to the (stable) state 011, passing through an 
unstable 011 output state. The action of the system is simi- 
lar for each pulsing of the X contact. Each time it is 
operated and released, the system moves to another state 
until the fourth press-and-release cycle, after which the 
process repeats. In other words, Eq (105) represents a 
true scale-of-four counter circuit. 

By convention, the stable states in the map are labeled 
by circling them. The problem at hand is to reduce Eq 
(105) to a set of feedback equations so that a circuit 
may be drawn. The process involves breaking up the se- 
quential map into separate maps, one for each output, 
and rewriting them as synthesis maps. Dividing Eq 
(105) into three maps: 


X X Xx 


yiy2y3 yiy2y3 yiy2y3 
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Next these tables are converted into synthesis maps 


7. A 
y3X y3X 
oo oO1 10 


yiy2 \.00 OF TI 10 yiy2 
00 00 


01 |/T: o1 |{7 
maT [ey 1 1 |: 
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(105b) 


























and the foilowing equations result: 
+ vov3X’ 
+ vivsX’ 


r ViVs XY + yiyeX 


) XYy, + viv 
) Xvo + vov3 
Y, = X‘y 


(105c) 


These equations may then be synthesized into a circuit. 
as will be shown in the next section. Note that in the 
process of converting the sequential map to three sep- 
arate tables, to a set of synthesis maps, and finally to 
equations, one tends to lose sight of the sequential be- 
havior of the system—because the nature of the feedback 
becomes hidden. With practice it becomes relatively easy 
to spot the map adjacencies and formulate a minimal func- 
tion of the sequential map without going formally through 
the intervening steps. 

Summary of Analysis. The analysis procedure which 
has been developed is fairly straightforward: 

1. Label each output (relay) in the system with a 
separate capital letter (and/or subscripts). By “each re- 
lay” is meant each basic relay, i.e., each group of relays 
which are always actuated simultaneously. 

2. Isolate all of the primary and secondary controls 
and label them. Secondary controls receive lower-case 
letters corresponding to the outputs which drive them. 

3. Using path tracing and/or boolean matrices if nec- 
essary, derive the equations which control the energiza- 
tion for each relay, without regard for the fact that these 
include feedbacks, and form their Karnaugh maps. 

4. Rewrite the maps as a single sequential map, with 
primary control combinations along the top (in a Gray 
code), secondary combinations along the side, and out- 
put state combinations as entries. 

5. Analyze the action in terms of stable and unstable 
state transfers. 


DESIGNING SEQUENTIAL CIRCUITS 


The analysis of sequential circuits, it has been seen, is 
similar to the procedure used for analyzing ordinary 
combinational circuits, except that feedbacks must be 
considered. This analogy also holds true for synthesis, 
but both the possibilities and the pitfalls are greater. 

A given set of primary control positions may corre- 
spond to any number of stable output states. For instance. 


ELECTRICAL MANUFACTURING 





pressing a single button ten times may light ten lamps 
in succession. On the pitfall side of the ledger, the de- 
sign of a sequential circuit introduces the problems of 
critical races and lock-ups. A critical race is a situation 
where the state of the system is governed by a “race” 
between two relays which are simultaneously energized; 
in fact, it is possible to design a circuit whose output 
depends partially on luck, such as Eq (104d). This is 
generally not desirable. A lock-up situation is one in 
which the circuit unintentionally freezes (Fig. 65B), and 
from which it can not be extricated by means of external 
Finally, transient outputs must be 
avoided in the design. 

Basically, the design problem is this: the primary con- 


control changes. 


trols are given. along with a set of specifications describ- 
ing the behavior of the desired circuit under various 
sequences of control combinations. The design problem 
boils down to finding the secondary controls and their 
transmission functions. 

The end product of the sequential design procedure is 
a sequential map which describes the system logic in 
terms of the relationships between primary control state 
codes, secondary control state codes, and output state 
codes. The outputs used to operate the feedbacks need not 
be explicitly the same as the outputs presented outside 
the black box: there may be some intervening combina- 
tional logic. 

The process of forming a sequential map leans heavily 
on one reasonable assumption and one fact: 


e Transitions between control states always occur one 
literal at a time. If some action depends upon two con- 
trols changing simultaneously, it is not a reliable action 
(excluding for the moment the question of “clocked” 
systems). Consequently, circuits are analyzed in terms of 
one-at-a-time transfers, and are usually designed with 
Gray codes. 


e The transition between two different stable output 


states is always made through at least one unstable state. 
After an output change has occurred, the secondary con- 
trols must “catch up” to the output states, i.e.. the relays 
must transfer. Electrically speaking, each of these un- 
stable states corresponds to the time delays between en- 
ergization of a relay coil and the motion of its armature, 
plus subsidiary switching delays of the same _ type. 
Naturally, if a primary control change induces no change 
in the output state, it is not necessary to go through an 
unstable intermediate state. 


Using these two criteria, the system states. both stable 
and unstable, may be determined from a flow table. 

Flow Tables. The interim step between the specifica- 
tions and the sequential map is a flow table, which lists 
system output states in an organized fashion as a func 
tion of successive primary control states. During the 
development of the flow table no attention is paid to 
the details of the functional (actual) outputs, but merely 
to the required stable output states and their relation to 
the primary controls. 

Initially the flow table consists of an arrangement of 
squares, each column being headed by a state code word 
representing one combination of primary controls. These 
are conventionally arranged in a Gray code. Since the 
secondary controls are unknown, the successive rows are 
simply given (italic) numbers /,2,3,4, etc. The format 
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for two primary controls (X, and X29) would look like 


this: a 7. 


STEP 00 ol "I 10 
































ETC. 
Output states, stable and unstable, are also represented 
by ordinary italic numbers. Stable output states have the 
same numbers as the arbitrary secondary control state 
number on their left, and unstable output states disagree 
with the corresponding secondary control state numbers 
while calling out the state number to which the system 
shall go. In other words, the flow table, when finished, 
resembles a sequential map very closely in structure. (In 
fact, if one were to put down the decimal equivalent of 
the binary entries in the sequential map, a flow table 
would result.) The flow tables for Fig. 65A, Eq (102a) 
and Fig. 65B, Eq (103a). respectively, are: 


a B 


oO oO 


@ O 


(102a) 








(103a) 








2 2 2 


























Stable states are circled and recognized by their agree- 
ment with the row number. The flow of state positions is 
clear from the flow tables alone (hence the name). 

The following flow diagram is equivalent to the four- 
step ring counter of Eq (105). Note how the unstable 
output states shift the system into each new sequence: 


X 


0 


® 














(105d) 





























Synthesizing Flow Tables. To derive a flow table 
from a set of specifications, the required stable states are 
determined first, and unstable state transfers are then 
written into the table to provide the sequential changes. 
This process can be illustrated by an example—designing 
a counting circuit to the following specifications: 

1. The output shall consist of five lights, one of which is always 


on, Initially No. 1 is energized, 


2. Two control inputs are required. Either one may be on, but 


never both simultaneously. 

3. When input A is impulsed and released, whichever light is 
on shall go out, and the next one shall light. This process continues 
until No. 5 lights. If A is impulsed when No. 5 is lit, there shall be 
no effect on the output. 

1. When input B is impulsed and released, the circuit shall 
count in the reverse direction. However. if Ne. 1 is lit and B is 
impulsed and released, it shall go out and No. 5 shall light. 


The above specifications describe a scale-of-five count- 
ing circuit which can be used to add or subtract. In the 
direction of subtraction, the process is cyclic (5,4,3.2,].- 
5.4, etc.) while in the direction of addition the process 
stops at the fifth step (1,2,3,4,5,5, etc.). This circuit, while 
perhaps not very useful. possesses the features of many 
practical sequential circuits. 

One first observes that there are two primary controls. 
hence four primary control states. The primary control 
state 1] is impossible. hence a ¢-state. Furthermore, in 
the quiescent condition (primary control state 00) five 
different stable output states are required. The blank flow 
table is constructed: 


1, B 
00 Ol 11 10 


and the sequential action of the circuit is described first 
in terms of stable states and then with unstable states 
added. Initially the system is in the primary control state 
00. When A is pressed it moves to some new stable state 


(new line) and when A is released the system drops to 


A, B 


STEP 00 ol I 10 


a new stable OO0-state: 











—_ i ae Se 


In order to mechanize this sequence, the primary control 
state 10. in step 7, must produce an unstable state which 


forces the system down to output state 2. 


Similarly, in 
step 2 the change (10 to 00) must result in an unstable 
state which forces the system down to step three. Conse- 
quently: 


STEP 00 ol 1 10 


® 








@) 





@ 


Two of the five required O0-output states have been 
written down. Their “names” are ] and 3. At this point 




















one could consider either the second impulsing of the A 
contact or else a pulsing of the B contact. Let us choose 
the latter, and recall that the transition (00-01-00) must 
restore the output from state 3 to state J: 


A, B 


STEP UW 10 




















| 


The transition to the next 00 state (light No. 3) may 
next be considered. Pulsing 00-10-00 moves the system 
up. and pulsing 00-01-00 restores it to state 3 (light 


No. 2): 
STEP 00 01 





























Note how state 6 had to be arrived at via the intermediate 
state 5, and that state 7 had to be added to permit restora- 
tion of state 3. Evidently. light No. 3 will be operated by 
state 6. The transition to the fourth 00-state operates simi- 
larly, and the following entries must be added: 


STEP 00 Of 11 10 


6|@ 














@) 
10 


Hence state 9 is the state which will operate light No. 4. 
Once light No. 5 is operated, further pulsing of A (00- 
10-00) has no effect: 
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STEP 00 





9 











12 


12 | (12) 


State 12 therefore is the one associated with the fifth light. 
Finally, the reverse transition from ]2 to 9 as well as 
the similar round-robin transition from light No. 1 to 
light No. 5 via the B contact must be accounted for: 





12 














| 
| 
| 





STEP 00 


14 





The complete flow table may now be assembled. This 
describes the total system operation in accordance with 
the specifications. However, it is by no means a minimal 
All of the ll-states have been 
left blank because this condition was stated to be im- 


possible. { If 


precedence over the other, say 


flow table (see below). 


one of the two contacts had been given 
1 over B. then. e.g.. the 




















66 Combination lock-up and oscillator circuits. Both (A) 
and (B) are defined by flow table, Eq (107). 
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ll-states would carry the same output codes as the 10- 
states.) The composite flow table is: 


A, B 


STEP 00 ol i 10 


T 
| 
| 


+ | @ te. | 


| 
+ 


2i3 


(106) 


12 


13 





14 | 12 
ae 
Accessible and Inaccessible States. Equation (106) 
has several empty boxes. Those in the AB 
have been left blank because they 
possible. The 











Ll column 
were assumed im- 
constitute inaccessible 
states, that is, states which can not be reached by means 


remaining ones 


ane. 





























6 Example of transient output. When A is closed, Yo 
flicks out momentarily. See Eqs (108,108a). 





of the prescribed switching. One also notes that fourteen 
secondary control states are prescribed by Eq (106). 
hence four secondary control variables will be required. 
leaving two secondary control states completely unused. 

States are only accessible two ways: 

1. From any stable state. a change of one bit in the 
primary controls is possible. Consequently, each stable 
state can go horizontally to n new states where n is the 
number of primary controls.* 

2. From any unstable state, the system transfers ver- 
tically as prescribed by the output state number. 

The reader should verify that Eq (106) has the re- 
quired accessible states defined. A 10-stable state can 
only transfer to its corresponding (00-state, by the terms 
of the problem. The remaining states are inaccessible for 
one reason or another. 

In the past, “impossible” and “don’t care” states of 
individual controls have been labeled ¢. In the case of 
the flow table, an entire state code number (decimal or 
binary) is in this category, consequently it will be labeled 
by the capital letter &. In other words, if five secondary 
controls are involved, ® may stand for any one of thirty- 
two states. 


Merging the Flow Table. Without any recourse to 
synthesis maps or equations, a certain amount of simpli- 
fication is possible on the flow table proper. Horizontal 
rows may be merged by employing the flexibility of the 
® states. This eliminates secondary control states and 
output states, leading to eventual circuit simplification. 
The criterion is: 

e¢ Two rows of the flow table can be merged if they 
agree in all entries; a © entry agrees with any number. 

When two rows are merged. their control-state numbers 
and corresponding output-state numbers are set equal. 
In Eq (106) four mergers are possible. The first such 
combines row 2, and row 7, yielding: 




















The three other mergers combine rows 5 and 10. 8 and 
13, and 1] and 14. The results are: 





5,10} 6 | 10 | 6 





8, 13 13 





Nl, 14 12 14 6 7 




















Finally, the flow table must be rewritten, converting all 
7,10,13 and 14 entries to 2,5,8, and 1] respectively. The 
resulting table is shown in (106a) in the next column. 

It is common to renumber the table to produce 
consecutive state numbers. This will be done later: see 
Eq (106b). 

In practice, one ordinarily proceeds as follows: first 
write down which mergers are possible, noting any con- 
flicts that arise. (For example, in some hypothetical flow 
table, row 17 may merge with either row 23 or 38, but 
not with both.) Choose those merger combinations which 
result in the fewest number of total states (not counting 


*A horizontal transfer can occur only out of a stable state. 


If a particular 
state in a row is more tha 


a unit distance from all stable states in thet row, 
then it is inaccessible via primary control changes. 
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A, B 


STEP 00 ol 





(106a) 


® states). Then perform the operation, one merger at a 
time, changing the “names” of the entries at each step. 

The explanation of flow-table merging lies in the fact 
that @ states may be defined by the designer. Given two 
states which can be merged, say: 





$ | 9 


@® 
7 7 |o | $ 


The & states can be mentally altered to manufacture state 























correspondence: 





$|@ 
7 7) | 6 | 2 


If the circuit is in some state on row 2 or 7 it could be 























transposed to the equivalent state on the other row with- 
out affecting its action. Consequently, the states can be 
merged and both the stable 7-state and the stable 2-state 
become equivalent: 





@®|% |@ 


Ambiguities, Contradictions, Redundancies. An 
accessible system state which has no output number as- 
signed constitutes an ambiguity. Recalling the two cri- 
teria for accessibility, a situation such as: 


STEP 00 ol "I 10 























23 | 23 45 
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has such an ambiguity since the change 00-10 is un- 
defined. This may be a legitimate @ state, but the spe- 
cifications should be consulted for a possible flaw. For 
example, suppose that a three-step sequential chain is 
necessary to set off a bomb: after the bomb is exploded 
there is very little interest in succeeding accessible system 
states. 

Specification contradiction in sequential-circuit design 
is by no means the clear-cut problem discussed in Part 
Ill. A certain control sequence may require one output 
at one time and another output later. Whether or not 
this involves a contradiction can not be determined from 
the functional (specified) outputs, since several system 
states may correspond to one functional output state. 
Only when a particular complete circuit history yields 
two conflicting outputs is the contradiction clear; other- 
wise it is generally always possible to construct a flow 
table with only one entry per box. 

If two identical sequences of primary control changes 
always produce the same output sequence, then one of 
these may be eliminated. This is naturally due to a re- 
dundancy in the specifications. Such redundancies can 
not be spotted on the flow table alone; the functional out- 
puts must also be considered. 

Oscillations and Lock-Ups. Oscillations and lock- 
ups may be directly predicted from the flow table.* When- 
ever a primary change calls out an unstable output state 
and the circuit has no stable state on which to “home,” 
the result is an oscillation. The flow table for the free- 
running four-step oscillator of Fig. 65 and Eq (104) 
may be derived by substituting arbitrary state numbers 
for the sequential map-codes: 


X 


STEP 











© 
(2) (104e) 
@) 





4 














Whenever X is energized (from any stable 0-state) the 
system circulates through the prescribed vertical steps 
and does not arrive at a stable state. If the table is modi- 


fied as follows: 
X 














a 4 


Oo 
@ ann 
® 
© 














closing the X contact would cause the system to cycle 


* Of course, lock-ups and oscillations may be intended by the specifications; for 
instance, an internally controlled cycling operation is a kind of intentional 
oscillation. 
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down to the stable 4-state, and no oscillation would occur. 
Therefore an oscillatory circuit can be avoided on the 
flow table by checking that each unstable state has a 
vertical-shift sequence that ends in a stable state. 

A simple lock-up may be recognized as a row which 
does not have any accessible unstable states. In genera, 
a lock-up situation is one in which it is impossible to 
go through some state more than once (without cutting 
off the power). Equation (104f) has a simple lock-up 
in state 4. A more complicated lock-up situation might be: 


STEP 0 1 
@)| 2 
@) 











® 





©) 
5|(G)| 2 


The circuits of Fig. 66 are logically equivalent, and 
consist of combination lock-ups and oscillators. Initially 
the circuit is quiescent. When A is pressed and released, 
X oscillates. Further energization of A stops the oscilla- 
tions momentarily, but they resume as soon as A is 
released. The flow table for Fig. 66 is: 
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STEP O 


Oo 























@) 


3 2 2 

















An oscillatory circuit is also characterized by the fact 
that a primary control change can move the system hori- 
zontally from an unstable output state to another state. 
Ordinarily, primary control changes act only upon stable 
states: however, when no stable state exists for a certain 
situation, the primary change must act upon one or 
another unstable state. In this case timing (or luck) de- 
termines the result. 

Functional Output Diagrams. The discussion so far 
has considered only those outputs required to drive the 
secondary controls. The functional outputs, those explic- 
itly required by the specifications, are governed by the 
system states according to some scheme (given by the 
specifications). The black box has a number of output 
wires whose transmission functions depend on the system 
states, i.e., both the primary and secondary control states. 
Each system state yields a functional output combination, 
but each functional output combination might be assigned 
to several system states. In other words, to each box in 
the flow table a binary code number must be assigned 
which specifies the black-box output. 

The relation between system states and functional out- 
puts is given by an output table which describes the func- 


+ This might be termed a “‘lock-out”’ circuit. 





tional output state code for each system state. 

Output Tables. It is now desired to determine the 
system outputs for the five-step counting circuit. Its re- 
numbered flow table is: 


A, B 


STEP 00 ol " 10 
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The specification required that at any time one light of 
five shall be lit. Calling the functional outputs Z,, Zo. Z. 
Z,. Z;. the functional output codes which are possible are 
10000, 01000, 00100, 00010, and 00001. These will cor- 
respond to the stable 1.3.6.8, and 10 states respectively. 























Thus, six system states (box entries) have been accounted 
for. These are entered in an output table, which is a blank 
flow table used to specify the functional outputs (see 
Table 106c in next column). 

In this output table & entries have been placed in the in- 
accessible and impossible states (corresponding to the 
blank or © states in the flow table). However, there exist 
twenty-three accessible legitimate states for which the 
specifications have not defined a functional output. Nine 
are stable states corresponding to the static condition 
which exists while one primary control or the other is 
energized. The remaining fourteen are unstable states, 
hence occur only transiently. As far as the specifications 
are concerned, it makes no difference what functional 
output code is assigned to each of the twenty-three. How- 
ever, the specifications can be elaborated to determine 
what these outputs shall be. Between each pair of defined 
states there are as many as three intermediate states: (1) 
the unstable state after primary control change but before 
the relays transfer, (2) the stable state which holds while 
the primary control is energized, and (3) the unstable 
state between release of the primary control and the re- 
sulting stable state. 

One way in which the intermediate steps could be de- 
fined is as follows: 


5. In each case, the state of the lights shall not change until 
after the control input has been energized and released. 
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A, B 
o 8 6n 


STEP 00 


10 





10000 99900 





00000 





90000 





09900 
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This new amendment to the specifications requires 
that the output state code remain fixed in the original 
position during the entire energize sequence. For ex- 
ample. the transfer: 


STEP 00 ol 10 
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now requires the following output code: 


A, B 


STEP 00 ol 1 





10000 





01000 





01000 

















Note that each unstable state has been given a code num- 
ber corresponding to the code number of the stable state 
bearing the same “name.” This is arbitrary, but useful 
to avoid transient states. The remainder of the output 
table may now be constructed from specification five and 
the above principle regarding unstable states (see Table 
106d on next page). 

Table 106d, and generally any output table. must be 
studied simultaneously with its flow table. 
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A, B 


STEP 00 ol " 





10000 | 10000 |6990@ | 10000 





01000 |00100 |$6000)| 10000 





01000 | 01000 | $0000| 01000 





10000 | 01000 |$0000| 00000 





00100 | 00010 | $9909| 01000) (106!) 





00100 |00100 |$6000)| 00100 





00010 | 00001 |$¢000| 00100 
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00010 | 00010 |$0000) 00010 


—_— es 


00001 |10000 |$9000/ 00010 











10 |00001 | 00001|60000 mae 




















Transient States. Consider the following flow table 
and output table representing a one-relay circuit (Fig. 
67) with two outputs: 


A A 


STEP O 


(1) ol (108) 
(2) " " 


lhe circuit merely switches from the stable J-state to the 
4 is impulsed, and relaxes when A 






































stable 2-state when 
is released. The output table defines the operation of, say, 
two lights which are energized by the relay circuit. When 
1 is energized, Y, lights immediately (in the unstable 
state occuring before the relay transfers); Yo, on the 
other hand, first goes out when A is operated, then re- 
appears when the relay transfers. Consequently, the sys- 
tem state in the upper right-hand corner has a transient 
output state, which is generally undesirable. 

To avoid transient outputs during unstable states, the 


output code assigned to each unstable state must agree 


with either the output code of the previous state, or with 
that of the state into which the system next transfers.* To 
avoid transient states without affecting the stable states. 
output table Eq (108) could be recoded as follows: 


A 


STEP O 





ol (108a) ** 





2 W I 














* Occasionally a transient state may be intentionally desired. For instance, one 
may wish to have all outputs go to zero until the next stable state is reached 
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State Diagrams. Once the flow tables and output 
tables of a “black box” have been developed, the next 
step is to write state codes for the relay positions and 
secondary controls, i.e., to prepare a sequential map. 
This will essentially complete the design process. 

First it is desirable to construct a state diagram of 
the system. A sequential state diagram is not, however, 
constructed directly from the specifications, as in the 
case of combinational circuits.+ 

The sequential state diagram which will be used for 
synthesis is actually a simplified diagram. It contains 
merely one box for each step number of the flow table, 
i.e.. the number of “states” shown on the simplified dia- 
gram is equal to the number of rows on the flow table. 
Arrows are inserted giving the interconnections between 
these “states.” 

It should be noted that each box in the state diagram 
stands for a number of system states, some stable and 
some unstable. However, since all of these will be charac- 
terized by the same secondary code numbers, the simpli- 
fication does not interfere with coding. 

Figure 68 is a simplified state diagram for the five- 
step counter of Eq (106b). 

State Coding the Secondary States. One step re- 
mains in the process of designing the sequential circuit. 
Before forming the sequential map, the secondary controls 
remain to be coded. As soon as the state codes for the 
secondary controls are determined. the correspondence 
between the numbers /,2,3.4,5, . . . on the flow table will 
dictate the system codes, and the design can then be solved. 

Gray codes are used wherever possible in forming the 
secondary control operations. The method of Gray coding, 
and the techniques of introducing dummy states, were 
discussed in Part IV. In the case of sequential circuits, 
these dummy states. when required, will be unstable 
states. 

The four-step ring counter whose flow table is given 
by Eq (105d) has the simplified state diagram shown 
in Fig. 609A. Using the methods of Part IV of this series, 
it can be state-coded as in Fig. 69B, using a Gray code. 

Once the state diagram has been coded, this code is 
transferred to the flow table in the obvious way. For 
example, each entry numbered 5 is now given the code 
number (110). This applies to the row entries (destined 
to become secondary control states) and to the box en- 
tries (destined to be relay output states). The primary 
controls have been coded from the beginning. 

The flow table, once translated to binary codes, now 
becomes the sequential map of the desired circuit and 
defines the total relay (output) operation. For example. 
the state coding of Fig. 69B translates the flow table of 
Eq (105d) back to the sequential map of Eq (105). 

Ordinarily, the flow table translation will not “‘use up” 
all of the available secondary control states. These then 
become @ states in the Karnaugh maps. 

Coding of the secondary states is the most difficult 
problem in sequential design. During the coding pro- 
cedure the designer should watch the output table, and 
where alternatives exist, should make the secondary codes 
correspond in some way to the required functional out- 


** Upon comparing the two stable states of this circuit, the reader will recognize 
that light No. 2 is intended to be lit in both cases. Hence it is only reasonable 
to leave this light energized at all times. The entire sequential circuit has limited 
utility. 

¥ It is certainly possible to develop a sequential state diagram without em- 
ploying a flow table, and this represents an alternate approach 





puts. This will permit further simplification of the total 
circuit as a later refinement. 

Critical Races. Whenever a portion of the coded 
state diagram is not Gray-coded, a transition exists in 
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68 State diagram drawn from five-step counter flow table 
of Eq (106b). 
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69 State diagram (A) drawn from four-step counter flow 
table of Eq (105d), when coded (B) translates to 
sequential map of Eq (105). 
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70 To Gray-code the state diagram of Fig. 68, Eq (106b), 
two unstable dummy states 1] and 12 are introduced. 
Sequential map, Eq (106e), results. 
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which the secondary controls do not change one at a time. 
Therefore a critical race occurs; the system output 
depends upon the relative closure speed of the relay 
contacts. For example, if the state diagram of Fig. 69 
is not properly coded, a situation could arise as follows: 


X 


yiy2y3 Oo 1 


000 
001 | 010 
| 


aa 


on on | 
— 


In the transition from the stable 0O0l-state to the stable 
010-state the system operation depends upon the assump- 
tion that both relays will transfer simultaneously. More 
likely, one will close before the other, yielding the se- 
001-011-010 or the sequence 001-000-010. In 
either case, the expected operation will not come about. 





) 


001 | 




















quence 


As soon as the system transfers to the unwanted state 
the sequential map is no longer valid. If Ys transfers 
before Y.. the attempted transition 001-010 will actually 
be 001-011 and the output will be other than what was 
intended. 

It is possible to employ a circuit including critical races 
either by (1) using relays of different closure times, (2) 
using a clocked system, or (3) arranging the outputs so 
that either path of the critical race results in the same 
system operation. Another alternative is to expand the 
state diagram by including dummy states. 

Expanding the Flow Table. The five-step counting- 
circuit state diagram (Fig. 68) apparently cannot be Gray 
coded. Figure 70, however, represents an expansion of 
the state diagram which has been successively Gray-coded 
by introducing two dummy states (]] and J2) between 
states 6 and 7. Referring to the flow chart, Eq (106b). 
these dummy states are interposed between the stable 6 
state and the stable 7 state as follows: 


STEP 00 ol Ut 10 


¢|@ 

















12 




















Note that states 7] and 12 are unstable. To assure that 
they do not interfere with circuit operation, it is necessary 
to revise the output table so that states 7] and J2 have 
the same output codes as the stable 6-state. Then, as far 
as the terminals of the black box are concerned, the 
multiple transition 6-]1]-]2-7 has the effect of only one 
transition. The sequential map for the five-step counter 
is then: 
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STEP yiy2y3ys 00 ol 





U 0000 | 0000/| 0010 





0100 | 0101 | 0100 





0101 | O10! | 0001 





0001 | 0000 | 0001 





ono | ON 





0110 | 0100 





ool) | 1011 





ool | oll (106e) 





1010 | 0010 





1010 | 1011 





0000 | 0000 





0000 | 0000 





0000 | 0000 





0000 | 0000 





1100 | 0000 | 0000 0000 





1101 | 0000 | 0000 | 0000 | 0000 




















In this final sequential map all the ® states have been 
specifically included. Four secondary controls are re- 
quired for the coding, yet only twelve combinations of 
states have been used among the sixteen which are pos- 
sible. Those combinations which have not been used for 
secondary controls—1000, 1001, 1100, 1101—are desig- 
nated © states. 

The output table must also be coded to include the 
interloping ]]- and ]2-states, as well as the unused states. 
In order to avoid transient outputs, one may code states 
17 and 12 to produce the same output combination as 
the unstable state which preceded them as well as the 
stable 6-state: 


STEP 00 ol W 10 





11 |00900|00000|00000) 00100 





12 |$0900|90000| 00000) 00100 




















States 13, 14, 15 and 16 are naturally all @ states, inas- 
much as they will not be energized. 

The final step is to divide the sequential map into 
four synthesis maps which describe the feedbacks. Each 
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71 Secale-of-four counter circuit designed from state dia- 
gram of Fig. 69 via feedback and output equations 
(105g). 


synthesis map is a six-variable map. The output table 
must also be divided into five six-variable Karnaugh 
maps, using the same primary and secondary codes, to 
find the transmission functions of the functional outputs. 
These two steps will not be shown here because a total 
of 576 map entries are required, and the circuit becomes 
complicated. It will consist of four basic relays, two con- 
trol inputs, and five outputs, whose minimization is no 
small chore. Instead, a simpler example will be employed 
to show the final steps. 

Example of Sequential Circuit Design. Sequential 
relay circuits in general are fairly complicated, and the 
actual conversion of a set of synthesis maps describing 
feedbacks and functional outputs into a multiterminal 
switching circuit can become laborious. In order to il- 
lustrate the complete synthesis process, the four-step ring 
counter of Eqs (105-105d) will be employed. The 
reader may verify that the flow chart of Eq (105d) will 
result from the following specifications: 


1. A black box is required, with one control input and four 
outputs, 

2. Each time the control input is impulsed and released, the 
output which was formerly energized shall turn off, and the 
next one shall turn on, in cyclic fashion. 

3. The transfer of outputs shall occur when the control impulse 
is released and the relays have transferred. 


The synthesis of the feedback equations has been car- 
ried out in this article. Equation (105) describes the 
sequential map, properly coded, and Eqs (105a) and 
(105b) are the steps in determining the feedback equa- 
tions, Eq (105c). What remains is the calculation of the 
functional outputs. Let the output terminals be Z,, Zo, 
Z, Z,. Then, in terms of Specification 2 above, the se- 

(Continued on page 298) 
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Processing System 
for Optimum Design Use 
of Casting Resins 


WALTER A. GAMMEL, SR., Project Engineer 
R-B-M Controts Division, Essex Wire Corroration 
Logansport, Indiana 


Success of epoxy and polyester resin ap- 
plications in embedment, encapsulation 


and potting of electronic circuit units may 
THE RAPID DEVELOPMENT of epoxy and polyester resin 
depend on choice of efficient processing embedment, potting and encapsulation techniques in com- 
es" : , ponent and circuit design has underscored the need for 
system. Various resin-handling systems efficient associated resin-handling equipment and systems 
are described. literature cited. manufac- for mixing, metering and dispensing purposes. The need 
for such equipment and its proper selection is definitely 
turers of equipment listed, and operating a design consideration, since the process control of resin 
, application is far from simple. Variables such as pot life 
Jactors compared. viscosity and filler settling, and various handling in- 











* 
‘Week atten 
= 


Fig. 1—Mixer and dispenser system for epoxy and polyester Fig. 2—A positive-displacement type resin and hardener-han- 


casting resins in viscosity range of 300-800,000 centipoises. dling machine. 
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efficiencies in batch-type operation may limit design ob- 
jectives. 

This article discusses several types of resin-handling 
equipments and systems currently in use. The strong and 
weak points will be detailed. Production levels at which 
the relative systems are economical will be suggested. 


Process Flow 


A flow chart for the processing of epoxy and polyester 


resins will show the following process items shared in 
common: 


Resin Hardener 
nae or 
Filler Accelerator 
w i 
Reinforcement> Mix Degas> Dispense >Cure> 
Final Product 


Operations may be by means of batch lots or may 
utilize a semi-automatic or an automatic process. The 
choice will depend principally on anticipated production 
levels, available floor space, production planning time, 
and cost of available equipment. Whatever the scheme 
of processing, certain elements have, in the past. offered 
stumbling blocks to successful production. Because an 
earlier paper by Harper (1])* called attention to many 
of those potential pitfalls and suggested solutions, this 
article will deal only with subsequent developments. 


Resin Preparation 


The preparation of the ideal resin (2) begins and ends 
with adequate mixing. If it has been decided to use a 
commercially available filled resin, it may be advan- 
tageous to place the unopened can as received upon a 
paint shaker and vibrate the contents for a period of time. 
For base resin-filler or hardener-filler combinations that 


in parentheses refer to Cited 





Fig. 5—Mixer of this unit is a straight flow-through high-shear 
reactor. Thin-film reactive mix simplifies temperature problem. 
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Fig. 3—A double-pour automatic production-line unit. 


Fig. 4—Production-type mixer with 
pumps. 


Fig. 6—Portable-type dispenser. 


double-elevator material 





are to be blended by the manufacturer, a mill is desir- 
able for dispersing hard-to-wet fillers. Since disintegra- 
tion, dispersion, and wetting may all be taking place 
simultaneously in the ball or pebble mill, the effect of 
these operations on the final blend should be con- 
sidered. (3) 


Dispensing 


After being mixed, the selected resin-filler-hardener 
system must then be dispensed. For the experimental 
preparation of several samples, the mixed _ resin-filler- 
catalyst system poured from a disposable container may 
be sufficient. For less critical operations this gravity-fed 
system may include a hand-operated valve. If a vacuum- 
casting operation has been considered, a laboratory set- 
up is recommended to develop the process and to work 
out attendant problems. It may also be desirable to use a 
vacuum for transporting the resin mixture. (4) 

When personnel 
health factors and labor-saving dispensing methods must 
be considered. Thus, there is a growing demand for an 
automatic machine for resin mixing and embedment. A 
conveyor system for component embedment that at least 
partially meets these requirements has been described by 
Souter. (5) Sensi and Franklin have reported on the 
early development of a unit (6) which delivers resin and 


production requirements increase, 


catalyst in desired proportions by means of gear-driven 
proportioning pumps to a mixing chamber having a dual 
helix stirrer. The authors claim the principal advantage 
of their unit is the elimination of short-time wasteful 
operations previously imposed by the limited pot life 
common to most resins used in casting. 

There are several commercially available mixing and 
dispensing units. These are the result of many field and 
laboratory tests. The manufacturer who is seriously seek- 
ing semi-automatic or automatic mixing and dispensing 
equipment will do well to investigate them before assign- 
ing engineering design and model shop effort to build 
single units of specialized equipment. (See end of article 
for list of manufacturers. ) 

Figure 1 illustrates one of these units, made by H. V. 
Hardman Company. Side cover and guards have been 
removed to show the interior. Extending over the top 
edge of the machine is a jacketed mixing chamber. Cool- 
ing or heating liquid, as required, may be circulated 
through the jacket. The nozzle connects directly into the 
mixing chamber. A Teflon plug valve in the front center 
of the mixing chamber admits the curing agent to the 
chamber or by-passes it to the reservoir and thus 
allows the chamber to be purged with resin when the 
machine is shut down. (Originally a flapper valve had 
been used to admit the curing agent but this was found 
to be quite susceptible to damage or wear, particularly 
if silica-filled resins were handled. ) 

The mixing chamber cover may be easily removed for 
cleaning by loosening three thumb screws. The agitator 
shaft packing gland is located above the chamber to 
minimize wear when abrasive fillers are pumped. It, too. 
is readily accessible. 

The trend is toward simpler design with more positive 
and accessible activating mechanisms. The large mixing 
chambers. once considered desirable, have given way to 
relatively small chambers which insure thoroughness of 
mix and a continuously new supply of reactants. 

This trend is also shown in Fig. 2. The equipment 
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Fig. 7—This unit dispenses resin and hardener into containers; 
mixing is done elsewhere. Manual and motor-operated types. 


(made by Automatic Process Control) handles both the 
filled and unfilled resin and hardeners. In operation, ihe 
air pressure in the resin and hardener supply tanks fills 


the cavities of the resin and hardener bladders. Flow is 
blocked by top bladder check valves. As ihe operating 
foot switch is closed, the bottom check valve closes off 
the supply tanks, the top check valves open and, as air 
pressure is simultaneously applied to the oil reservoir. 
oil is forced against lower sides of metering pistons. Oil 
that is displaced on the opposite side of the pistons flows 
into the two bladders to give pre-determined volumetric 
metering. The motion of the piston forces both resin and 
hardener through the top check valves into the mixing 
chamber where a high-speed air motor has been activated. 
The two components are mixed and discharged through 
the opened dispensing valve. 

When the catalyzed material has been dispensed, the 
foot switch is opened, causing the air pressure to be re- 
leased, the air motor to stop, the top check valve to shut, 
and the dispensing valve to close. If the operation switch 
has been set for repeat, the bottom check valve will again 
open and the cycle will be repeated when the foot switch 
is closed to call for an additional shot. 

The size of the shots may be varied by adjusting the 
position of the shot limit switch which is controlled by 
the ratio arm. As a safety feature, a timer set for some 
time less than the safe pot life of the catalyzed resin has 
been incorporated into the circuit. If the operator fails 
to make a full shot within a prescribed period, the timer 
activates a circuit that causes the mixer to be purged 
with fresh material. 

At the end of a day’s run, the mixing head may be 
purged with solvent by actuating a small toggle-operated 
switch that controls a dispensing valve. This allows sol- 
vent to remain in the mixer while the motor is running 
and then be flushed out. 
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Fig. 8—Closed vacuum system with turntable arrangement for 
making successive castings rapidly. 


Besides these machines described here in some detail, 
there are other mixing and dispensing units. Only the 
principal features of each will be mentioned. The equip- 
ment manufacturer should be contacted for details. 

In a production line unit (Fig. 3) by G. Diehl Mateer 
Co.. it is necessary to make two pours, a heavy first shot. 
followed on the return trip by a “topping operation.” 
Once the line has been started, all operations are per- 
formed automatically. A two-part resin is used. 

Pyles Industries have a unit suitable for heavy pro- 
duction (Fig. 4). Double-elevator barrel-clean pumps are 
air operated, as are the elevators. Construction and power 
is adequate to flow viscous and filled materials through 
the high pressure Teflon-lined hoses. 

The mixer of a unit made by United Specialties Co. of 
Ill. is a straight flow-through, high-shear reactor (Fig. 5). 
The reactive mix within the mixer is in thin films to 
simplify temperature control. Although the pressures on 
the material reservoirs would not normally exceed 100 
psi, the pressure developed by the system is stated to be 
3000 to 5000 psi. 

A completely portable dispenser (Fig. 6) designed by 
Emerson & Cuming has started into production. Prelimi- 
nary specifications call for dispensed volume of 0-900 cc 
per shot at viscosities from 1 to 1 million centipoises. The 
unit is now being tested. 

Auto-Air Industries specializes in supplying equipment 
to dispense measured amounts of resin and hardeners into 
a container as shown in Fig. 7. Mixing is performed else- 
where. Lowest cost units are operated with a hand crank. 
Motorized models are also available. A closed vacuum 
system is offered by the Hull Corp. When equipped with 


a turntable as shown in Fig. 8, several castings may be 
made in rapid succession. The Meter-Mix Corp. units 
(Fig. 9) dispense an accurate total amount of mixed 
resin-hardener by controlling the amount per shot and 
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Fig. 9—Readily accessible dials allow quick adjustment of 
amount per shot and shots per unit to dispense accurate 
amounts of mixed resin. 


the shots per unit of time. These controls are easily dialed 
from the front panel. 

4 somewhat different system is required for poly- 
urethane and polyether foam. The equipment should be 
available for use on an intermittent basis to foam in 
place. or on a continuous basis. The system shown in 
Fig. 10 (made by Martin Sweets) is used for flexible 
foams. The mixing head is the Du Pont type. As mounted 
it can be traversed back and forth. The unit at the left 
pumps the catalyst and that on the right pumps the 
resin. Control panels are shown on top of the pumps. 


Pumps 


If evaluation of available mixing, metering, and dis- 
pensing equipment still indicates shortcomings that can- 
not be tolerated, development work must be initiated. 
Investigation will probably begin with a pump or other 
device for transporting the resin. An abundance of 
various types of pumps is readily available through reg- 
ular trade channels. 


Molds 


Whatever method may have been chosen to dispense 
the catalyzed resin, it will be poured or drawn into a 
mold. Regardless of the material from which they are 
made, molds may be classified as (a) integral; (b) indi- 
vidual; and (c) multi-cavity. 

Integral molds are those that become a part of the 
final product. Typical applications have been described 
by Black (7) and others. 

The technical literature is replete with suggestions for 
the use of individual molds, mostly metal. Cost of these 
molds has had a serious effect upon the progress of em- 
bedment applications. In this struggle with cost, two 
suggestions are offered: flexible molds, and low-melting- 
point metal molds produced by the dip or slush method. 
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Flexible Molds. Plastisols and elastomers have been 
suggested for use with appropriate resins. It is necessary 
to check for compatibility. A method of pressing a metal 
pattern into a stack of uncured Neoprene sheets cut to 
fit inside a pressing chamber and curing under heat and 
pressure has been proposed. (8) Two-piece molds re- 
quired for more complex parts are also possible. 

Although many silicone rubbers are unsatisfactory. 
satisfactory molds (Fig. 11) have been made from two 
different silicone rubbers that possess good dimensional 
stability and the property to withstand repeated cycling 
at relatively high curing temperatures (above 250 F). 
These applications are beyond the laboratory stage and, 
in fact, are in daily use on a production line. 

Low-Melting-Point Metal Molds. In Fig. 12 we see an 
adaptation of a foundry practice. A mold is made by 
dipping a well-polished steel male master into 50-50 
molten solder. Loss of heat to the master die causes the 
solder to solidify and form a fairly heavy coating around 
the die. This coating or shell is the exact female counter- 
part of the master male die. The finish on the interior of 
the newly formed solder mold is related directly to the 
finish on the master. The mold is removed while still 
warm and the die is then cooled to begin the next cycle. 

The dip or slush method can be used for complex 
shapes and has been successfully applied to multipart 
molds. Metals other than steel may be used for the 
master and compositions other than 50-50 solder for the 
molds. Aluminum molds make a good choice from which 


to construct dies. Low-melting-point alloys allow some 
Fig. 11—Example of silicone-rubber flexible mold and cast unique possibilities. 
product. Source: R-B-M Controls Division, Essex Wire Corp. [ sually only one further step is required to prepare 
the mold for use: milling the bottom surface parallel to 
the top of the fill line. 

This system allows encapsulation of coils using a two- 
part solder mold and a removable Teflon core. The en- 
capsulation of a transformer with multiple leads dressed 
out at right angles to the top pouring surface is shown in 
Fig. 13. 

Vulti-Cavity Molds. The use of multi-cavity molds (es- 
pecially internally heated and cooled versions) in con- 
nection with thermoset resins has not gained popular 
acceptance. Work on molds of this type pioneered at 
Western Electric and elsewhere has gone virtually un- 
noticed. One product incorporating not only judicious 
choice of resin composition but produced in such a multi- 
cavity mold in substantial quantities is the pole line in- 
sulator illustrated and described in an article by Black. 
(7) 

. Vacuum Attachment 

Fig. 12—Example of foundry practice applied to casting resins, : f 

Solder mold and multi-lead coil. Source: Magnetic Windings. A vacuum-casting unit used in connection with the 
resin mixing and dispensing unit equipment illustrated 
in Fig. 2 is shown in Fig. 14. Molds ready for casting are 
placed in the cavity-like vacuum impregnating fixture. 
Depressing the foot switch on the dispenser (described 
earlier) seals the cavity and opens the vacuum solenoid. 
When the predetermined vacuum is reached, the catalyzed 
resin is automatically dispensed into the mold through 
a vacuum tight nozzle in the top of the fixture. At the end 
of the shot the cavity is opened and the bubble-free mold 
is removed. If desired, a pressure cycle may follow the 
vacuum cycle. Refinement of this procedure, such as 
filling cans in a vacuum and then pressure sealing is pos- 


Fig. 13—Solder mold and finished casting. sible when specifically designed molds or cans are used. 
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Other Techniques 


Vibratory equipment has been used on a limited basis 
to control the thickness of resin coating on small com- 
ponents and assemblies and to improve their appearance 
by virtually eliminating bubbles. For casting without the 
use of vacuum, vibration has also been found useful to 
improve filling rates. 

Deep and rapid penetration of coil windings by resins 
under the influence of a source of ultrasonic energy is 
receiving attention. Economic considerations make this 
latter technique unattractive until further improvements 
are offered in available equipment. (9) 

For coils using integral molds and requiring deep pene- 
tration of resin into the windings, the centrifuge and cure 
system reported by Firth (J0) is worthwhile. This same 
method has enabled another company: by using 90 per 
cent-filled epoxy resin, to meet military specification re- 
quirements for glass-to-metal seals. 


Curing 


After the resin formulation has been dispensed into 
the mold, cure must take place before a finished unit may 
be delivered. One of the most important considerations 
concerning epoxy resins is the dependence of their 
superior properties upon optimum cure. For example, an 
initial moderate cure of epoxy laminates yields struc- 
turally sound parts with the expected epoxy properties 
at moderate service conditions. At elevated temperatures, 
however, these properties, particularly chemical resistance 
and electrical and mechanical properties, are retained 
only by “full” cure. 

Epoxide polymerization reactions, unlike those of poly- 
esters, are step-by-step processes and require more strin- 
gent conditions for full cure. Full cure with its attendant 
bonus properties is approached by postcuring at elevated 
temperatures. (]]) Although polyesters typically benefit 
to a lesser degree than epoxies, postcuring polyesters 
improves their heat distortion point and hardness. (12) 

It appears obvious that proper curing cycles must be 
determined with care and then carefully followed. To 
date, most parts and assemblies requiring heat curing 
have been processed in batch type gas-fired or electric 
ovens. The recent tendency toward in-line handling of 
casting with thermoset resins has increased the use of 
curing tunnels heated by infrared lamps, fuzed quartz 
tubes, or by conventional strip heaters. 

Where complete freedom from residual catalysts is 
required, gamma radiation of the resins appears con- 
venient and feasible. (13) Although, from a design stand- 
point, we will have to take into account the effects of 
gamma irradiation upon materials, from our work we 
believe the near future will see design engineers seriously 
discussing resin-curing schedules employing energy from 
r-f generators. 


Health and Hazard Considerations 


The materials handling and processing of filled and 
unfilled epoxy and polyester resin systems to consummate 
design requirements must take cognizance of certain 
health hazards in the handling of these resins. (J4) The 
work, however, can be successfully carried out with a 
minimum of practical control measures to prevent em- 
ployee exposure to substances or situations that are po- 
tentially harmful. The program should do this: 
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Screen out operators with allergic histories. 
Instruct operators and their supervisors in the im- 
portance of scrupulous cleanliness. 
Provide adequate work area that will allow good 
hygienic practices to be followed. 
Have washing facilities (including mild soaps, a 
good skin cream and clean towels) available at all 
times. 
Set up a systematic plan to inspect work area and 
operating procedures. 
After proper facilities have been provided, clean work- 
ing habits on the part of all employees is the first requi- 
site. This cannot be overemphasized. 


(Continued on page 300) 
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Fig. 14—A vacuum impregnating fixture for use with positive 
displacement-type machine (see Fig. 2). 
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Fig. 15—Comparison of batch-type and semi-automatic opera- 
tion in cast resin applications. 
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Four standard models of transistor-amplifier d-c positioning servos having various basic power ratings. The servo at the right 
delivers a linear thrust and employs an external amplifier. The other units are rotary and are completely self-contained. (Ad- 


vanced Research Associates, Inc., Kensington, Md.) 


Non-Linear 


Transistor Compensation 
in High-Gain Servo 


Compact servo drive delivers high torque 
and offers wide ranges of electrical input 
and mechanical output adaptability. Sta- 
bility and efficiency of the complete sys- 
tem derive largely from the original de- 
velopment and application to the servo 
amplifier of a method for transistor am- 
bient and junction temperature compensa- 
tion using diodes, thus not restricting the 


transistor operating ranges. 


POSITIONING SERVOS are frequently required for operation 
under conditions that completely rule out the use of relay 
systems. The actuation of control surfaces of small pilot- 
less drone aircraft was one such application, and led to 
the development of a new self-contained, compact and 
highly versatile d-c servo unit by Advanced Research 
Associates of Kensington, Md.* 

The unusual characteristics of the system have led to 
its use in such diverse fields as machine tool control, 
direct brain-control of artificial limbs, process equip- 
ment actuation, computers and instruments. The typical 
performance characteristics of one standard model of the 
new servo are given in Table I. and Table II indicates 
the electrical and mechanical versatility possible in the 
new design. Variations which the basic design makes 


*Patents pending 


Fig. 1—Linear-thrust servo unit, disassembled. Rated for a maximum thrust of 800 lb, this particular model uses a small avail- 


able external amplifier, shown at right. 
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thrust, disassembled. 
The electronic portion of the servo, with the exception Command 


signal eatin 











of the input stage, uses transistors. The use of a vacuum 
tube at the input converts the signal voltage to a current 
which is presented to the transistor amplifier. The vacuum 
tube input permits the use of this sub-system as a replace- 
ment for, or complement to, larger or less efficient high 
impedance systems. The transistor circuit is temperature- 
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stabilized through the use of non-linear components, add- 
ing to the efficiency of the overall system. The linear d-c | 

amplifier is free of balance potentiometers that might | 28 volt d-c 1 
complicate the use of the system. True Class B amplifier center tapped supply 
characteristics are obtained without bias voltage dividers 

















: , Fig. 2—Block diagram of basic servo unit. 
and the like; the d-c motor is the output load on the 


amplifier. 

Power takeoff is provided through a compact spur- 
gear assembly, which is characterized by high gearing 
efficiency with minimal inertial effects. Servo feedback 
is introduced by a high-resolution, wire-wound poten- 
tiometer, the wiper of which is mounted directly on the 
output shaft. The potentiometer can be relocated so as 
to include other mechanical units within the feedback 
loop. 

The servo unit is well adapted to systems requiring 
shaping networks as part of the overall transfer function 
(as in integrators, differentiators and summing ampli- 
fiers) where a sum of analog computation is presented 
as a shaft position, angular velocity, or a static voltage. 

The operation of the basic system is indicated by the 
block diagram, Fig. 2. A center-tapped 28-volt d-c input 
to the d-c converter supplies a potential across the feed- 
back potentiometer. An error voltage (the difference 
between the voltages defining the position of the output 
arm and the desired position) is fed to the amplifier. 
For an error of one volt, the amplifier supplies full power 
to the motor. At null the error is less than +0.35 per cent. 

Application. A typical standardized model of the Fig. 3—Rotary servo unit with integral amplifier. 
servo is shown in Fig. 3. This is rated at 24 in.-lb torque, 
speed 175 deg/sec, weighs 16.5 oz complete, and measures 
3% 4 in. long without shaft extension, 214 x 1% in. cross- 


section. In the disassembled view, Fig. 4. at the top is 
Amplifier 
/ 


Table I—Typical Performance Characteristics of 
Transistorized D-C Positioning Servo 





Rotation (full scale) ters Kurd ee oe 
Corner frequency (at 90-deg phase lag).... 
Resolution (full scale) *. a Lone + 0.45 per cent 
Torque stiffness (full scale) + + 1.5 per cent 
Misalignment (full scale)t........... + 1.5 per cent 
Power input. E ...... 28 volts d-c (center 
tapped) 
Input impedance.... wh ... 1 megohm 
Signal level (input volts per deg shaft rota- 
= .... 1.6 volts 
Quiescent cur 


15 ma 
Free running speed........ 50 to 500 deg/sec Feedbock 


*Resolution is primarily determined by the “‘cogging’” of the motor armature potentiometer 


segments. 
tTorque stiffness is defined as the deflection required to produce 80 per cent 
of full stalled torque. 
TMisalignme t is defined as the random variation in position from one servo 
to another for a fixed input signal. It is set by the feedback potentiometer linearity 1. : : . ° 
and tube characteristics, if not trimmed. Fig. + Diagram of servo unit of Fig. 3, disassembled. 
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Fig. 5—Typical frequency response character- 
istics of servo unit. 


Table li—Performance Characteristics of Typical 
Standard Servo Units 





Stalled 
torque, max 


Servo 
model 


5 60 deg, 120 deg /sec | 
rotary 
25 


Speed, free | 
running 


Travel 
4 ft-lb 
35 ft-lb 
400 Ib thrust 


60 deg, 75 deg/sec 

rotary 

114 in. | 4in./sec | 
linear stroke 


Table Ii—Standard Variations of One Basic Servo 
Unit 





Max stalled torque 
in.-Ib 


Free running speed 

deg /sec 
175 
205 
233 
263 
293 
321 


24.0 
21.5 
19.0 
16.5 
14.0 
13.1 








Mox. power output curve| 
(2./ wotts) | 


| 
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™N 
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Fig. 7—Selection of optimum servo unit characteristics. 
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Per cent of free running speed 
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Outy 
cycle 


75 to 50% 
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cyc/e 


50 10 20% 
duty 
cycle 




















25 50 


Per cent of stalled torque 


75 100 


Fig. 6—Speed and torque related to duty cycle of servo unit. 
the amplifier showing resistors that can be changed to 
obtain independent variation of gain, damping ratio and 
input impedance. The motor and pinions can be easily 
changed to obtain various torque and speed character- 
istics. The standard feedback potentiometer and mechan- 
ical stop are designed for an angular travel of +30 deg. 
If continuous rotation is desired, a special output gear 
and a suitable rotary potentiometer are substituted. 

Figure 5 indicates frequency response characteristics of 
the typical standard servo, and speed, torque and duty 
cycle relations are shown in Fig. 6. A method for select- 
ing the optimum characteristics and thus the correct 
model servo for a particular application employs the 
diagram, Fig. 7. A point “X” is selected as representing 
the operating torque load at the required speed. Through 
point “X” a line is drawn tangent to the maximum power 
output curve. The numerical value of speed is read from 
the speed scale at the point of intersection of the scale and 
the constructed line. The proper servo unit for the appli- 
cation among those with a given power rating, as repre- 
sented by the maximum power output curve of Fig. 7, 
will be the available unit delivering a free running speed 
equal to or greater than the speed thus indicated. For in- 
stance, Table III shows the standard available variations 
of the typical basic unit of Fig. 3. 

Transistor Amplifier. The limitation of most designs 
for d-c amplifiers is the control of drift. In a transistor 
d-c amplifier, changes in ambient temperature or changes 
in junction temperature due to power dissipation in the 
junction produce changes in the conductivity of the semi- 
conductor material. This appears as a shift of /,,, the 
open collector-base current characteristic, 
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Fig. 8—Variation of I.. with temperature for typical transistor. 
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Ve,volts 
Fig. 9—Compensation for amplified leakage current using 
diode. 


shown in Fig. 8. This is sometimes referred to as satu- 
ration current since the uncontrollable collector current 
saturates with respect to collector voltage when the col- 
lector voltage is greater than a few tenths of a volt. In 
the common emitter circuit configuration this current 
flows through the emitter-base junction and is magnified 
by a factor equal to the transistor current gain. The effect 
(rate of change with temperature) is slightly higher for 
silicon than for germanium and may be expressed in 
terms of emitter-base bias as equivalent bias volts. This 
requires that compensation take one of two forms: pro- 
vision must be made either to hold the emitter current 
constant and allow the emitter-base voltage to adjust 
iself, or to adjust the emitter-base voltage dynamically in 
accordance with the rate of bias shift. 

Compensation has been attempted in the past through 
the use of resistors. However, this simply reduces the 
operating range of the transistors since the drift currents 
are still present and uncompensated. The use of com- 
pensating networks involving diodes and resistors has 
made it possible to develop amplifiers in the 10- to 
50-watt class in which temperature compensation has 
been achieved without restricting the dynamic range of 
the transistor. 

Figure 9 illustrates the way in which a diode can be 
used to compensate for the amplified leakage current. 
The diode used has to have several special characteristics 
and, in addition, the placement of the diode with respect 
to the transistor is important. The junction area has to 
be comparable to the collector-base junction with similar 
saturation current characteristics. The diode should be 
as near the transistor as possible so that the diode and 
transistor receive the same thermal injection. Special 
transistors have been built in which the diodes were 
placed in the same case as the transistor. When trans- 
istors compensated in this way are used in push-pull 
Class B amplifiers, the unbalance or drift is then ap- 
proximately equal to the difference between the /,, of 
the two halves of the circuit. 

Compensated transistors of this type should be fed 
from a current source with the consequent advantage 
that the base-emitter potentials need only be high enough 
to allow the necessary current to be fed through the base- 
emitter diode. This, of course, means that the additional 
capacity added by a diode of this type does not affect the 
alpha-cutoff frequency greatly. Figure 10 is a circuit in 


SEPTEMBER 1958 











i 
si 




















Fig. 10—Transistor amplifier circuit with diodes employed for 
compensation. 


which all diodes shown are used for compensation. Cur- 
rent gains in the order of 2 x 10* are easily obtainable 
with negligible drift. Refinements can of course be made 
and it is felt that when transistors with “built-in” com- 
pensation are obtainable, much more stable power ampli- 
fiers can be built. 

One interesting application is one in which this type 
of transistor is used in a Class B transformer-coupled 
amplifier. In Fig. 11(a) is shown the circuit of a typical 
stage using conventional methods. The divider Ry — Re 
greatly reduces the overall efficiency of the stage and also 
calls for the addition of C, to reduce the effect of Ry. 
The transistors in this circuit are driven from a voltage 
source which means now that the “off” transistor, from 
base to emitter, is backed-biased. This back-biasing not 
only removes all the carriers from the base region but 
also causes reverse base-emitter current to flow. This, of 
course, has to be made up on the next change of polarity 
before transistor action can occur. This effect manifests 
itself as cross-over distortion. 

Figure 11 (b) uses the compensated transistors fed by 
a current source. The “off” transistor is back-biased only 
by the forward drop of the compensating diode which is 
forward conducting to the “on” transistor. Cross-over 
distortion is reduced to a point where the diodes and 
capacitor can be eliminated, thereby increasing the over- 
all efficiency. OoO°O 
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Fig. 11—Typical amplifier stage using conventional compensa- 
tion (a), and employing compensated transistors (b). 
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Table I—Principal Magnetic and Non-Magnetic Stainless Steels 





Martensitic 


Ferromagnetic. Primarily 
straight chromium steels 
with chromium contents 
above 11.5 per cent. May 
be hardened by heat treat- 
ment. Satisfactory corros- 
ion resistance to water, 
atmospheric attack and 
some chemicals. 


General 
characteristics 


No. No. 
Carpenter grade 1 5 


No. 
5-F 
416 


AISI type 410 


SAE number 


51410 | 51416 | 51416 
Te i 
11.5 


. 12.0 13.0 
13.5 


chromium : 
14.0 | 14.5 


nickel 0.50 


max 


carbon 0.10 


max 


1.00 
max 


manganese 
1.00 
max 


0.06 
max 


silicon 


phosphorus 


~ 
= 
os 
~ 
a 
= 
7 
é 
Dn 

= 
oS 
c 

< 


sulphur 0.30 


min 


molybdenum 


other elements 


density, Ib/cu in. 
specific heat, Btu /Ib 
deg F 


specific electrical 
sistance, ohms/cir 
mil ft 


re- 


coef. of thermal expan- 
sion per deg F x 10° 


Physical constants 


6.5 6.5 
110,000 | 110,000 
85,000 | 85,000 
23 «|sCOB 

65 55 

; 225 


6.5 
100,000 
80,000 
15 
45 
180 


tensile strength, psi 
yield strength, psi 
elongation in 2 in., x 
reduction of area, % 


Brinell hardness 


Mechanical properties 


forging billets 
bars, hot rolled 
cold drawn 


annealed 


Forms available 


wire 


strip 


Ferritic Austenitic 


Ferromagnetic. Better re- | So-called non-magnetic group. Contain both 
chromium and nickel, minimum of 15.5 per 
cent chromium and 7 per cent nickel. Not 
Corrosion 
resistance generally better than that of mar- 


sistance to scaling and cor- 
rosion than martensitic 
types. Straight chromium, | hardenable by heat treatment. 
usually over 16 per cent, | 
with carbon less than 0.12 
per cent. Not hardenable | 
by heat treating. 


tensitic or ferritic types. 


No. No. No. 
6 6-FM | 3 


430 | 430F 


No. 
4-A 


304 


No. No. 
305 10 


302 305 
51430 | 51430 | 51443 30302 30304 | 30305 
F 


443 


14.0 


. 17.0 
18.0 | 


18.0 
19.0 | 20.0 
8.0 
10.0 12.0 
0.15 0.08 
max max 


. | 200 | 2.00 
max 


max 
1.00 1.00 
max max 

0.045 0.045 
max 


max 
0.03 
max 


17.0 
19.0 


14.0 
18.0 


18.0 
23.0 


8.0 


15.5 
16.5 


17.5 
18.5 


0.08 
max 


2.00 
max 


10.0 
13.0 


0.20 
max 


1.00 
max 


0.12 
max 


2.00 
max 


1.00 
max 


0.045 
max 


0.03 
max 


1.00 
max 


0.04 
max 


1.00 
max 


0.045 
max 


0.03 
max 


0.03 
max 


0.03 
max 


No. 
316 


316 


10.0 
14.0 


0.08 
max 


2.00 
max 


1.00 
max 


0.045 
max 


0.03 
max 


| 2.00 


6.6 6.6 6.7 
90,000 | 90,000 
80,000 | 50,000 
15 22 
85) «| CSS 


190 | ; 


10.4 | 10.4 10.4 
85,000 
35,000 
60 
70 


150 | 


10.5 

85,000 | 80,000 

35,000 36,000 
60 56 
70 73 
150 | m, 


75,000 

35,000 
55 
72, 


75,000 

45,000 
30 
65 








3.00 
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Magnetic Properties 
of Stainless Steels 


Normal fabricating processes and minor variations in chemical composition can 


cause normally non-magnetic (austenitic) steels to become magnetic or, con- 


versely, can depreciate the magnetic qualities of ferritic and martensitic alloys. Here 


are some practical tips on selecting a corrosion-resistant steel with particular mag- 


netic (or non-magnetic) properties for structural and magnetic applications. 


W. 5S. EBERLY 

Metallurgist, Special Alloys 
THe CARPENTER STEEL COMPANY 
Reading, Pa. 


SELECTING A CORROSION-RESISTANT STEEL with particular 
magnetic properties can be a tricky problem. It is not 
enough to specify the corrosion conditions, the initial 
strength of the material, and the original magnetic (or 
non-magnetic) properties. Both magnetic and non-mag- 
netic properties are markedly affected by normal fabri- 
cating processes and minor variations in chemical com- 
position. The steel producer should be fully informed of 
subsequent processing and end use so that he may adjust 
his fabricating processes and chemical composition ac- 
cordingly. 

Selection Factors. The primary properties to be 
considered in selecting a given material are: 

® corrosion resistance 

e workability 

® composition 

e effects of cold working on tensile strength 

® permeability. saturation induction and_ coercive 

force. 

These properties are interrelated, and conventional man- 
ufacturing procedures must usually be modified or pre- 
cisely controlled to obtain the best magnetic properties. 
For example, a magnetic stainless steel hardened to a 
Rockwell C-40 requires twice the magnetizing force as 
the same steel fully annealed to produce a maximum 
flux density only 84 per cent as strong. On the other 
hand, cold working some normally non-magnetic alloys 
to develop the required tensile strength can make the 
alloys substantially magnetic—which may or may not 
be desirable. 
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Knowledge of the final mechanical properties of a 
sample of stainless steel is rarely enough when magnetic 
behavior is important. The method used to obtain the 
properties must also be known. 

Material Classifications. For a particular corrosive 
environment, there generally should be several specific 
alloys that are satisfactory in one of three well defined 
groups: martensitic, ferritic and austenitic. Fortunately, 
the properties and chemical composition of these alloy 
groupings segregate nicely, as shown in Table I. 

Martensitic and ferritic stainless steels are both mag- 
netic alloys; austenitic alloys are normally non-magnetic. 
Martensitic steel can be hardened by heat treatment; 
ferritic and austenitic cannot. For the latter, cold work- 
ing must be employed to attain the required strength, 
Fig. 1. 

The comparative resistances of representative alloys in 
each group to specific corrosive conditions are listed in 
Table Il. (Rarely, if ever, will a piece of electrical ap- 
paratus be required to operate in an atmosphere such as 
hot sulphuric or hydrochloric acid.) Many variables, 
however, enter into corrosion resistance, and the table 
should be used only as a guide. 


Austenitic (Non-Magnetic) Stainless Steels 

All austenitic stainless steels are inherently non-mag- 
netic in their fully annealed condition. Their magnetic 
permeabilities are between 1.003 and 1.005 at 200 
oersteds. 

These desirable conditions do not last long under 
normal manufacturing procedures, as even small 
amounts of cold working turns some of these steels sub- 
stantially magnetic. The effect of cold working on mag- 
netic properties is illustrated for several typical steels 
in Fig. 2. With increased cold working. the magnetic 
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properties change markedly, depending on the com- 
position of the metal. This is shown nicely by the 
large values of magnetic permeability obtained for 
alloys that would be classified as magnetically un- 
stable, in contrast to those that would be classified 
as completely stable. 

The tremendous increase in permeability of some 
austentic steels has proved advantageous for the 
wire and tape used in magnetic recording. For such 
applications, heavily cold worked stainless provides 
the best combination of magnetic behavior, strength 
and corrosion resistance to assure both permanence 
of records and long life in service requiring many 
erasures and re-recording. 

The relation between tensile strength and mag- 
netic properties of some austenitic steels is shown 
in Fig. 3. Usually, the final selection for cold headed 
or severely worked parts becomes a compromise 
between the best corrosion resistance, a slow rate 
and low magnetic perme- 
ability at high percentages of cold work. In general, 
the higher alloy austenites such as Type 316 give 


of cold work hardening, 


better corrosion resistance and are fairly stable but 
they work-harden at a rapid rate. On the other hand, 
Type 305 can be severely cold worked but its mag- 
netic properties and its corrosion resistance are not 
as good as those of Type 316. The lone exception to 
this compromise is a special modified austenite 
Carpenter No. 10. 
Carpenter No. 


10 was specially developed for 
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mally non-magnetic austenitic steels become 
strength. 
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Magnetic permeability of austenitic alloys subjected to cold 
working can also be expressed as a function of tensile 
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applications requiring extreme amounts of cold working 
such as cold heading operations: because of its low rate 
of work hardening. severe cold working does not disturb 
its magnetic properties. No. 10 maintains its basic mag- 
netic permeability even after being reduced as much as 
60 per cent by cold working. Even at 80 per cent cold 
work, the permeability rises to only 1.018 from the 1.005 
value of the annealed metal. This fact is significant since 
cold heading operations often deform the material as 
much as 80 per cent. 


Estimating Magnetic Properties. The alloying 
elements which tend to make austenitic stainless steels 
more stable, and less likely to become magnetic through 
cold work, are carbon, nickel and manganese. Silicon, 
chromium and molybdenum have the opposite effect, 
however, and increased amounts of these elements will 
decrease the stability. 

An empirical formula has been developed to permit 
the approximation of the magnetic characteristics of 
any austenitic stainless ““X”’ within the following per 
cent composition limits: carbon, 0.03 to 0.20; chromium, 
14 to 25: manganese, 0.40 to 4.0: silicon, 0.30 to 0.50: 
nickel, 7.5 to 21: and molybdenum, 0 to 3.0. 

Increase in magnetic permeability is due to the forma- 
tion of pseudo-martensite in an austenitic stainless sub- 
jected to cold working. Therefore. any factor that inhibits 
or encourages formation of pseudo-martensite will di- 
rectly influence the magnetic properties. For any given 
composition there is an amount of nickel, “Q,” that will 
make the alloy stable—or at least stable enough so that 
it will take more than 80 per cent cold work to increase 


the permeability to above 1.01 gauss at 200 oersteds. 

The difference (A) between “Q” and the actual amount 
of nickel in a particular piece of stainless indicates, to a 
relative degree, the stability or instability of the metal 
and, also, how much cold work can be applied to a 
piece of non-magnetic austenitic stainless before it loses 
its non-magnetic properties. The A value can be either 
positive or negative, depending on the amount of nickel. 

The amount of nickel required for stability is cal- 
culated by the following empirical formula: 
Q = Cr + OAX- o Mo)P _ % Mn _ (35 x %C) + 15 
For example, a typical analysis of Type 305 stainless 
with 0.068 C, 0.89 Mn, 17.9 Cr, 0 Mo, and 11.74 Ni has 
a theoretical “Q” equal to 11.81. The actual analysis is 
slightly unstable since: 

A = actual nickel — theoretical nickel (Q) 
A= 11.74— 11.81 —= —0.07 

The range of A values for some stainless steels within 
the standard composition limits are listed in Table III. 

Perhaps this is the time to inject a few words of warn- 
ing. Variation of the composition from nominal values 
can vary the results radically. For example, although 
the nominal A value of Type 316 is zero, a change of 
actual nickel from 12 to 11 per cent—still well within 
specifications—produces a A value of —1.00 and the 
accompanying detrimental effects on magnetic properties. 

For A values approximately zero, an alloy can be 
cold worked between 30 and 40 percent before the per- 
meability starts to increase rapidly: for A values in the 
neighborhood of —2.00 to —4.00, 1 to 10 per cent cold 


Table li—Comparative Corrosion Resistance of Stainless Steels to Specific Conditions 





Martensitic 


No. 5 


Carpenter grade No. 1 


Acetic acid good good 


Alum varies varies 


Aluminum chloride poor poor 


Aluminum sulphate 


Ammonium chloride 


fair fair 


varies varies 


Calcium chloride poor poor 


Citric acid fair fair 


Fatty acids good good 


Formic acid poor poor 


Hydrogen peroxide varies varies 


Lactic acid fair fair 


Mixed acid (sulphuric and nitric) varies varies 


Nitric acid varies varies 


Phosphoric acid varies 


Sodium hypochlorite poor poor 


Sodium sulphite varies varies 


Sulphuric acid varies varies 


Sulphurous acid fair 


poor 


fair 


Trichlorethylene 





poor 
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varies 


Ferritic 


No. 6-FM 


Austenitic 


No. 6 No. 4 No. 4-A 


good varies 


varies varies 


varies varies 
varies varies 


poor poor poor poor 


good good 


varies good 


varies 


varies 


good 


varies varies varies varies 


poor poor varies varies 


good good good good 


good good good good good 


poor poor varies varies good 


good varies good good good 


good good good fair good 


varies varies varies varies varies 


varies varies good 


“good 


varies varies good good 


varies 


good 


poor poor varies 


varies varies 


good 


varies 


fair 


varies 


fair 


varies 


varies varies 


varies 


good 


varies 


varies 


varies 


varies 





poor poor 

















Table ill—Delta Values for Estimating Magnetic 
Stability of Austenitic Stainless Steels 





AISI Alloy Range of A 


Type 302 -4 to - 
Type 304 5.7 to + 
Type 305 2 to + 
Type 316 4.2 to + 
Carpenter No. 10 +2.8 to + 


1.5 
0.5 
2.5 
2.2 
5.6 


working will rapidly increase the permeability; for A 
values greater than +1.00, the permeability will remain 
substantially below 1.01 for cold working up to 70 to 80 
per cent. The more positive the A value, the greater the 
reduction before permeability exceeds 1.01. 

Variation of magnetic properties between steel heats 
of the same nominal analysis can affect processing costs 
considerably. For example, the potential plates used in 
cathode ray guns are cold worked slightly, and often 
Type 304 stainless steel will not become magnetic and 
can be used as cold worked. Unfortunately, if the com- 
position is not precisely balanced, the plate becomes 
magnetic and must be heat treated for satisfactory service. 
To eliminate the necessity for heat treatment, many tube 
manufacturers have switched to the more stable Type 305 
which will withstand more cold work before becoming 
magnetic. 

Also, addition of certain alloying elements such as 
titanium and columbium (used to “tie-up” carbon to 
prevent carbide precipitation under high temperature 
operation) will lower the calculated A value markedly— 
anywhere from 1.00 to 3.00. 

The solution to the aforementioned problems is ap- 
parent. First, choose a material wherein variation of the 
elements is held to a minimum; second, choose a 
material with a A value positive enough so that slight 


20,000 


variations will not be too detrimental: third, receive as- 
surances from the supplier as to compositional con- 
sistency from melt to melt; or fourth, anneal after fabri- 
cation, if possible, to restore the alloy to its original non- 
magnetic state. 


Ferritic and Martensitic Stainless Steels 

The selection of stainless steels for magnetic applica- 
tions such as magnetic cores, solenoid switches, pole 
pieces, relays, etc. is not as difficult as selecting a non- 
magnetic stainless because there are relatively few stain- 
less steels that are suitable. 

The magnetic characteristics of stainless steels are not 
as good as those of core iron specifically designed for 
such applications. The reason is apparent: instead of 
being 97 to 99.5 per cent iron, stainless may contain as 
little as 70 per cent iron. Hysteresis curves (see Fig. 4) 
show that even completely annealed stainless steels re- 
quire almost twice as much magnetizing force to pro- 
duce a maximum flux density some 15 to 20 per cent 
lower than that of core iron. 

The 


solenoids 


for 


induced 


and 
magnetizing 
force in the fully annealed condition, and processing will 
affect the magnetic behavior. For example, when Car- 
penter No. 5-F is annealed for best magnetic properties, 
it has a maximum permeability of 1080, residual mag- 
netism of 11.700 gauss and a coercive force of 5.40 
oersteds. When cold drawn 5 per cent, its maximum 
permeability decreases to 900, residual magnetism to 
11,100 gauss and the coercive force increases to 7.0 


magnetic stainless steels used cores 


are most sensitive to 
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Simplified 
Aircraft Electrical Diagrams 


Current practice in the aircraft manufacturing industry is compared with a greatly 
simplified method based on JIC Electrical Standards for Industrial Machinery. 
Problems created by the use of current graphic methods are cited and arguments 


given for the adoption of the proposed system. 


H. L. YARBROUGH 


Design Engineer 


Convair, A Division or Generat Dynamics Corp. 


San Diego, Calif. 


INCREASED USE OF ELECTRICAL CONTROL SYSTEMS is being 
called for in the design of guided missiles, supersonic 
aircraft, and aircraft with increased altitude capabilities. 
Graphic circuit presentation in the aircraft industry, how- 
ever, has remained about the same as it was twenty 
years ago. The present manner of circuit presentation 
will eventually pose reliability problems associated with 
the increased system complexity and cause these systems 
to become economically prohibitive because of the in- 
ability of the ground repair crews or even the application 
engineers to understand their operation. The psycho- 
logical response to systems that “look” complicated on 
paper is to discourage any real attempt to unravel the 
complexities. 

When the requirement for a new control system is 
presented. the circuit designer usually starts by pre- 
paring a list of the parameters involved and then a set 
of preliminary rules governing the sequence of opera- 
tion, safety provisions, and the required parameter inter- 
relationships. Finally, a block diagram is prepared to 
describe the system graphically. When the design phil- 
osophy and preliminary parameters are firmly resolved, 
detailed design is begun. Each of the functional circuit 
networks are first sketched. Probably the simplest form 
for power and control circuit presentation that could be 
used at this stage would be an elementary “across-the- 
line pattern,” i.e., a straight-line flow from power source 
to ground or neutral. Where electronic amplifiers are 
employed, a simple input-output symbol showing required 
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input impedances, gain and output load would be sufh- 
cient. The simplified form used in the design layout gen- 
erally presents all facets of the design with sufficient 
clarity to enable rapid review and initial familiarization 
by associated designers. 

Transformation of Simple Circuits. When the sys- 
tem design is completed, a production wiring diagram 
is prepared (as typified by Fig. 1)—and here is where 
trouble begins. More often than not the original simpli- 
fied circuit layout is destroyed and in its place is sub- 
stituted an electrical schematic. The latter is generally a 
faithfully-reproduced copy of the wiring diagram on a 
reduced paper size, made possible by omitting formal 
wire numbers and superfluous installation data. Note 
that all components symbols (Fig. 1) are placed relative 
to installation location on the aircraft. Simple com- 
ponents, such as switches, relays, and the like, which 
are mounted at random locations, are shown in detail. 
The more complex “black boxes” are usually shown as 
blank rectangles, with only pin letter connection infor- 
mation. Detailed information pertaining to the internal 
circuits of a particular black box are left to an instruc- 
tion manual, prepared by a semi-technical service group 
or the manufacturer of the black box. Frequently, details 
of these internal circuits are not made available to the 
service group until a relatively late date in the engi- 
neering program. 

In general, this type of schematic has little value ex- 
cept as a pocket-sized guide to the larger wiring diagram. 
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Fig. 1 
designers and wire men to follow. 


Neither diagram provides enough information to deter- 
mine actual circuit operation. 

When a schematic is drawn to fit a specific paper size 
rather than following the general layout of the wiring 
system, a talented draftsman will produce a geometric 
study in line symmetry, but major points of interest, 
such as inputs and outputs, will be obscured in the maze 
of lines. 

Later, when design improvements are undertaken, a 
process of wire tracing and frequent reference to asso- 
ciated drawings is required to determine the individual 
circuit functions. A simple sketch is then prepared to 
bring out the original design philosophy and reasons for 
seemingly redundant circuits or circuit elements. Only 
after this time-consuming procedure is completed may 
the feasibility of the proposed improvement be con- 
sidered. The simplified circuit sketch is then altered to 
reflect the circuit change, and this information is trans- 
formed back into the style of the wiring diagram where 
the significance of the change is immediately lost in the 
maze of lines. Usually, the simplified sketch is destroyed. 

Trouble All Along the Line. When the system has 
reached some firm level of development, a service publi- 
cations group begins the preparation of training manuals, 
service literature, and visual training aids. To gain sufh- 
cient knowledge of system operation, a parallel program 
of “circuit tracing” and preparation of simplified sketches 
is launched. Because of engineering schedules, the service 
group frequently finds the task of unraveling the system 
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Typical aircraft wiring diagram connecting “black boxes” and independent control components is difficult for both circuit 
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far too enormous for the allotted preparation time. Con- 
details of specific circuits (black boxes) and 
inadequate, or only 


sequently, 
of circuit operation are sketchy, 
partially accurate. 

The preparation of wiring and schematic wiring dia- 
grams usually occurs prior to examination of the new 
design by engineering support groups. Because of the 
manner of “production,” circuit presentation, reliability 
studies and circuit analysis are thwarted, made unneces- 
sarily difficult, and become excessively time-consuming. 
The time lag between system studies and actual develop- 
mental progress frequently becomes large enough to re- 
duce appreciably the effectiveness of the analysis group. 
On this basis, system development becomes “cut and try.” 

Proposed circuit changes, in the interest of improved 
reliability or operation and resulting from analytic 
studies, are often rejected as a result of this information 
time-lag. Because of manufacturing schedules and deliv- 
ery commitments, the slightest modification of a system 
during final design or early production stages becomes 
an enormous task, both physically and economically. Fre- 
quently, designs are frozen to prevent production delays. 
System studies, aided by simplified circuit 
presentation, could reduce this time-lag and prevent de- 
velopmental “repairs” and major redesigning after a 
new system reaches the production stage. 

Design groups (other than those directly responsible 
for system design) who have various support tasks such 
as the design of special field test equipment must rely on 
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Fig. 2 


the same schematic diagram for their information. Again, 
unnecessarily large amounts of time are consumed in 
interpretation of the circuits in order to prepare suitable 
test equipment. Frequently, systems are designed for ease 
of circuit maintenance by field personnel. However, this 
design philosophy is not usually evident in the schematic 
presentation. Consequently, the test equipment design 
does not support the system design philosophy and re- 
sults in unnecessarily difficult approaches to trouble- 
shooting. 

Operation and maintenance of aircraft electrical sys- 
tems presents other important problems, all of which 
entail the loss of valuable time. Trouble shooting by 
ground crews is frequently a process of “black box” 
substitution until the trouble is corrected. This method 
often leads to costly damage and undue wear of com- 
ponents which are fully operative. It reduces component 
life and consequently affects the overall reliability of the 
aircraft. More effective maintenance training through use 
of simplified diagrams should reduce the matter of trou- 
ble shooting to a system of logical analysis of symptoms. 

In summary, far too many persons find themselves 
“tracing” schematics to find out how seemingly complex 
circuits operate. 

In system circuit presentation, simplicity is of the 
essence. A simplified (elementary) circuit diagram cre- 
ated at the outset by the design engineer would have 
eliminated a really considerable amount of lost motion. 
All persons concerned could have cut their expended time 
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Simplified autopilot schematic diagram corresponding to Fig. 1 is based on use of JIC industrial electrical symbols. 


to a fraction of their total. In addition, the simplified 
diagram provides more people with accurate informa- 
tion. The design engineer is no longer one of the few 
“experts” on the system and may turn his attention to 
new work. The entire task of designing, producing and 
servicing the system is thus cut to an absolute minimum, 
not to forget the dollar savings. One of the direct benefits 
of these savings might be a more rapid advancement in 
the implementation of more modern electrical control 
systems. 


A Simplified Approach to 
Circuit Ilustration 


Contrary to normal aircraft practice, the first produc- 
tion diagram to be prepared should be a_ simpli- 
fied system schematic instead of the customary wiring 
diagram. A true schematic diagram may be briefly de- 
fined as “‘a diagram that presents the circuit scheme in 
the simplest possible form but which does not take 
into account the relative physical locations of the com- 
ponents described.” 

The concepts to be presented here are by no means new. 
Manufacturers of industrial electrical equipment and 
machine tool builders, who are entirely cost-conscious, 
adopted these methods long before the word “automa- 
tion” was coined. In order to sell their products com- 
petitively, with a minimum of field service, they were 
forced to develop better methods of circuit illustration. 

An autopilot circuit schematic—a fairly complex sys- 
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tem—has been selected as an illustration, Fig. 2, to dem- 
onstrate the full potential of this type of presentation. One 
not familiar with system operation may quickly determine 
all circuit functions by briefly studying this diagram. 

Most of the symbols employed on the schematic may 
be found in MIL-STD-15A, Electrical and Electronic 
Symbols. (1)* They may also be found in the combined 
JIC Electrical Standards (2) which are joint standards 
for industrial equipment and machine tools. The circuits 
on the left (engage circuits) are laid out so that the flow 
of current may be traced from power source to load. The 
engage circuits provide the necessary switching and inter- 
locks to control the various operational modes of the 
autopilot system. i.e.. yaw damping, pitch damping and 
automatic pilot. Relay contacts are placed in the circuit 
according to function and are not necessarily located adja- 
cent to their operating coils. This feature accounts for the 
basic layout simplicity of the diagram. 

In order that all components may be accounted for, a 
nomenclature and legend table (Fig. 3) is provided. It 
identifies the graphical symbols and abbreviations. Switch 
symbols show the normal de-energized or de-actuated con- 
dition. By margin index numbers, the table also locates all 
relay coil and corresponding contacts on the diagram. 
There is provision for noting the physical location of the 
components in the aircraft installation. The symbols em- 
ployed are standard JIC electrical symbols. The title of 
each switching component is abbreviated to conserve 
space, and to prevent the diagram from being overly 


*Italic numerals in parentheses refer to Cited References at end of article 
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Nomenclature and legend lists are placed on same sheet as for schematic diagram (Fig. 2). 


cluttered with lettering that might reduce the overall 
clarity of the circuit flow lines. 

The right-hand portion of the diagram, Fig. 2, is an 
“input-output” schematic showing the signal flow from 
the flight sensing elements (rate gyros, vertical gyros, 
etc.). through the scheduling device (air data computer) 
and switching elements, into the power amplifier, and 
thence to the differential servo valves which control sur- 
face motion. For the amplifiers, only input impedances 
and output loads and amplifier gain are shown since 
these data are all that are required for engineering evalu- 
ation of the system. Detailed amplifier circuits are omitted 
to prevent over-complication of basic flow continuity. 

The right-hand portion of the diagram, Fig. 2, is an 
Fig. 1. the prefix numbers on wire code numbers coincide 
with the circuit numbers on the schematic. The balance 
of each wire code number contains system identification, 
wire gage, and harness wire segment. For example, code 
number 22AP20B may be translated into circuit 22, auto- 
pilot system. size 20 AWG wire, harness segment B. 

There are a number of significant features to be found 
in this type of circuit presentation not already mentioned: 

1. The current flow in all circuits is shown from source 

to load with a minimum of line “cross-overs.” Signal 
polarities and the resultant direction of surface mo- 
tions are noted on the “input-output” portion of the 
diagram. 
All individual circuit segments are numbered so 
that the circuits may be quickly located on the wir- 
ing diagram. 
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This type of diagram may be ettectively prepared on 
a reduced drawing size, thereby increasing its utility 
for all concerned. 

The use of such a diagram will eliminate wire tracing 
entirely. Taken in its entirety, the schematic diagram be- 
comes a virtual information center for the entire system. 
As such the diagram may be used for: 

(a) preparation of the basic production wiring and 

harness diagrams 

(b) engineering system evaluation 

(c) preparation of operational and training data 

(d) preparation of special test equipment for the 
system 
a basic reference for field operating personnel 
(f) trouble shooting the system on the production and 

flight line. 


Symbols Used on Diagrams 


Inspection of the symbols shown in Fig. 3 will disclose 


four limit switch conditions taken from the JIC industrial 


standard. They are: normally open: normally open—held 


closed; normally closed; and normally closed—held open. 


To the technician this symbol indicates how the switch is 
wired and spring biased, and removes a major source of 
misinterpretation of diagrams. There is a similar symbol 


for each type of switch, i.e.. vacuum, temperature, air 


flow, timer contacts. etc., that indicates the installation 


condition of that switch. In addition to establishing the 
static position of the switch, the use of a distinct symbol 
for each type of circuit element provides a mental picture 
of the device. This eliminates interpretation of component 
identification codes to determine element types. 

Many of the symbols in the military standard and in- 
dustrial standard are identical. The military standard. 
however, presents alternate symbols of equivalent mean- 
ing. and in the aircraft industry. the alternate symbol is 
employed in nearly all cases. These are the symbols which 
antiquate the aircraft form of circuit presentation. 

Heretofore, when technical personnel left industry to 
work with aircraft. they had to undergo a complete re- 
orientation program and learn an entirely new language 
of graphic symbols because of the wide separation be- 
tween aircraft ane When com- 
mercial equipment manufacturers endeavor to supply the 
prime contractors in addition to their industrial custom- 


engineering. 


ers. the manner of circuit illustration in each industry 
creates a mental barrier between the two. The aircraft 
people must spend large amounts of time translating the 
industrial symbols into aircraft circuits. On the other 
hand, the prime contractor frequently specifies the type 
of circuit illustration to be supplied by the vendor. If this 
is foreign to normal industrial practice. the cost of the 
item is increased. Frequently, meaning is lost in transla- 


(Continued on page 303) 





AILERON 
Limit Sw. 
wT, STA 205 


gi. 


WST. STA. 270 
@é ELEC Compt, 


INST. STA.400 
VERT Fin 


wST STA 420 
yeRt cin 


RVOOER LEVATOR | Sats eyas 



































ti 20207! 





















































\— TAPZOR 


‘AP 20a 














LL vese20a— 











APISA 
aT 4G APIOA J] 
lé eel 4TAPIGA 


ex ote castes 


et 


USVAS. 
ioe 


24 
or 
ee 





i 
COCKPIT CONTROL CONSOLE 
wWST. STA 129 











tk WO%YHI— 


| 











S0oces 
AUTOPILOT BUS 





= 





L_., 





7, 





¥ 
¥ 


r— WBidvi 























—, 


nury 
Oh vaste 


of 3006Ye —) 





(70) i 
Wavi2 —++—~] 
W27aN2e 


GQozdve? 





VIM — 
Witew? — 
wilavi2— 
w77avee — 
VZV — 
worawi? 

wezavzy — 


@ote0? 
WITT 








a 








m—V27avee — 

















: 
: 


>— 

















i i 


+ 



































ie 
Pin, | 
9D 
ic 
rd 














SERVO AmPLIF! PACKA 





IMeAS 


comeass 
CONTROLLER 

















INST.STA.270 NST STA.270 INST. STA, 180 


tH ELEC. Comer 


INST. STA.200 INST. STA 168 


INST. STA.15@ INST. STA 132 


Fig. 4—Proposed aircraft wiring diagram in which wire interconnections are truanked between major components. JIC symbols are 


used as in the schematic diagram, Fig. 2. 
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Transistorized Computer Modules 
in Machine Tape Control 


The Numill numerical control system— 
incorporating an optical measuring sys- 
tem with 0.0002-in. resolution—uses 
off-the-shelf modules to reduce specialized 
engineering for a particular application 
to the design of a wiring harness and 


selection of servo valve and actuator. 


P. F. FISCHER 

Research Engineer Specialist 

Autonetics, A Division or NortH AMerIcAN AviATION, INC. 
Downey, California 


THE SYSTEM DESIGN of effective numerical control for 
machine tools is unique in that it requires careful anal- 
ysis of a wide range of requirements which affect ultimate 
circuit designs. 

The Autonetics Division of North American Aviation, 
Inc., has based the design of the new. improved numer- 


Visual display units (optional) 


Operating controls Positioner (optional) 


telat M-lagele Metel ad ta ete 
optional 


Tape reader 
one of three types available 
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ical control system described in this article on nearly 
one and one-half years of factory operating experience 
with a prototype system installed at the company’s Los 
Angeles Tooling Division. 

This improved system 
design features: 


has the following principal 


e Optical measuring system of high accuracy and 
resolution (0.0002 in.). 


Modular design for easy integration of standard 
components into control systems for a variety of 
standard or special machine tool designs—as well 


as simplified maintenance. 


Transistor computer circuitry (avoiding tubes and 
relays) for reliability. 


Close coordination of man and machine functions 
by means of a tape-programmed display module. 


Automatic error compensation for repeatable errors 
in the machine or temperature effects on machine, 
gage and workpiece. 

Modular Design. Application of numerical control 


< 


Prototype Numill tape control system 
(left) with separately mounted visual 
display unit and operating controls. 
Redesigned console for 3-axis mill- 
ing machine control (right) has tape 
reader mounted out of the way so 
that visual display unit and all op- 
erating controls can be incorporated 
on one panel. Visual display unit 
reads out auxiliary operator instruc- 
tions from tape program. 





1 


Data storage module (48 _ binary 
bits) designed for low cost assembly. 
Aluminum | sand-cast frame mounts 
four printed circuit boards (each car- 
rying six transistor flip-flops) and a 
printed wire distribution board on 
each side. Latter has lateral wires on 
one side and vertical wires on the 
other to form a crossbar structure. 
Glow lamps provide visual readout of 
stored data. 


as 


sa 


to machine tools usually requires an individual hardware 
and system design for each type of machine to be con- 
trolled. This results in high-cost controls, since each 
system is practically custom engineered. 

Autonetics’ answer to the cost problem lies in the 
module approach. That is, each of the functional blocks 
required in a particular controller is available off the 
shelf, of standard design, self-contained, separately plug- 
gable and compatible mechanically and electrically with 
all other blocks. The design of a specialized system 
then requires only the selection of standard black boxes 
coupled to a standard power supply and installed in a 
standard cabinet. Specialized engineering is reduced to 
the design of a harness to connect these components to 
achieve the desired result. 

Maintenance. The module approach is especially 
suited to machine shop installation, where maintenance 
services are not as highly specialized as those normally 
found in a computer operation. It is relatively simple 
to determine which module of a controller is trouble- 
some, but significantly harder to find quickly the par- 
ticular component responsible. Numill spares consist of 





Tape 
reader 


Row 
Selector 








? Basic storage flip-flop using com- 
mercial grade 2N319 transistors. 


entire functional blocks. Although the spares cost is 
therefore higher than the provision of small parts, there 
are two important advantages: (1) machine down time 
is reduced to a minimum, since the block at fault may 
be rapidly determined, and (2) the replacement can be 
made by available shop personnel. The faulty block is 
then repaired on a bench, if trained maintenance per- 
sonnel are available, or by Autonetics on either a service 
contract or factory exchange basis. 

Module Construction. Numill controls are completely 
transistorized, except for glow tubes used to read out 
the states of logical elements. Figure 1 shows a typical 
module. The frame is an aluminum sand casting, which 
provides a rugged but inexpensive mounting for the four 
printed circuit boards attached on each side of the frame 
plus the two printed wire distribution boards. All semi- 
conductors used are readily available, low-cost commer- 
cial grade. Economy dictates the use of small boards: 
different modules can use duplicate boards, and small 
boards are well suited to mechanized assembly tech- 
niques. The printed wire distribution board forms a 
crossbar structure with lateral wires printed on one side. 
and vertical wires on the other. Holes drilled at appro- 
priate locations before plate-through provide a large 
variety of connections from the same master drawing. 
Taper pin terminals are used to allow board removal 
without application of heat. Rugged connectors replace 
printed circuit plugs. The module shown contains 48 
binary data storage flip-flops (24 on each side of the 
module). Basic flip-flop circuitry is shown in Fig. 2. 
Glow lamps mounted on the front edge of the casting 
provide an “on demand” visual readout of the stored 
data. 

The computer type modules to be described will be 
presented as applied to a milling machine, enabling the 
reader to make a more direct comparison with other 
published literature. Figure 3 shows a block diagram 
of the basic Numill milling machine control. 
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Block diagram of the basic 
Numill milling machine control. 


Input, Storage and Programming Devices. 
Since Numill systems provide positioning. information 
readout and auxiliary functions in addition to path con- 
trol, it is imperative that all stored information be im- 
mediately available. This suggests the use of a crossbar 
storage array and fixed length message blocks. As imple- 
mented, the tape channels activate columns while a row 
counter in the tape control unit activates rows in the 
storage structure. One flip-flop is used for each element 
in the array. Information bits may be arranged for use 
with 3- to 6-column and 2- to 24-row message blocks. 
Storage modules contain 48 bits each; a maximum of 
three modules (144 bits) can be accommodated with a 
standard tape control module. This storage method al- 
lows complete freedom in the assignment of functions to 
be controlled by each storage bit. and allows flexibility 
in the translation of computer language to machine 
language. 

Commercial punched paper tape readers using inter- 
mittent one-line advance or capstan pressure wheel 
clutches with mechanical or photoelectric contacts are 
compatible with the Numill tape control unit. A magnetic 
7-channel reader can also be provided. Using the stan- 
dard 8-channel punched-tape format, 6 channels are 
available to carry program information, one channel 
for parity checking and one channel for use in searching 
tape for a part location. 

The tape control module starts the tape reader, counts 
the number of rows read, examines each row for parity 
and stops the tape reader after the iast row of a message 
block has been received. 

The first row of each message contains an address 
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Linear optical gage. Four photoelectric pickups detect light interruptions of 1250 line-per-in. grating photographically imposed 
I & I I I g I I P 5 I 


on a stable glass bar mounted on the machine table. 


which is scanned by the programmer. The programmer 
determines the type of message transmitted and activates 
the appropriate modules, acting as the command func- 
tion for the machine. All completion signals return to the 
programmer which then determines the next course of 
action. A total of seven addresses coded on three storage 
bits may be used. As shown in Fig. 3, the addresses used 
for this control are director (or segment control) and 
auxiliary functions. 

Director. The milling of contours is accomplished by 
breaking the desired part contour into a series of straight 
line approximations, resolving the segments into axial 
components expressed in units of least count of the gage. 
and assigning a time for the machine to accomplish each 
segment. This information is routed to the director 
which produces the desired number of pulses for each 
axis, approximately equally spaced over the commanded 
time interval. This is accomplished by driving a binary 
register (or scaler) containing a fixed number of flip- 
flops with a variable frequency pulse generator.* Over- 
flow of the register denotes end of the segment. The input 
frequency determines the time required to overflow the 
register. Output lines from the complement side of each 
flip-flop are gated and appropriately summed to provide 
the coded number of pulses per register cycle. Segment 
lengths are programmed on 12 binary bits to produce 
from 0 to 4095 least gage counts per axis over any of 
255 time choices coded on eight binary bits. 

Since a smooth machine velocity program is desired, 

*For more detailed explanations of scaler logic, see ‘Flip-Flops and Diode 
Gates Translate Punched-Tape Program,"’ (Bendix system), Execratcan Manv- 
ractumnc, February 1958, pp 89-91, and “‘Pulse Generater Replaces Gearbox of 


Namerically Centrolled Lathe,’’ (Weditrol system), Muectnica, MAanuracruntnc, 
December 1957, pp 152-134. 
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Gaging logie squares, differentiates and sums the sine- 
wave output of the photoelectric pickups to yield a pulsed 
output, with each pulse representing 0.0002 in. travel. 
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6 Digital servo unit compares gage and direction pulses in a reversible binary error register (see text). 


it is necessary that complete information about the next 
segment be immediately available when required. For 
this reason, the storage format is arranged to be broken 
into two sections, each section containing complete in- 
tape 


messages. 


formation for one segment. The reader is then 
half-normal-length Transfer 
between segments is accomplished without interruption 
of the velocity program. 

Gage. The heart of the Numill gage system, Fig. 4, 
is a precise grating. photographically imposed on a stable 


caused to read 


glass bar. The bar is directly attached to the table of the 
machine. A gaging system of maximum accuracy is 
therefore achieved. since the position of the workpiece 
is being measured without the open-ended effects of drive 
deflection. gearing windup, or non-linearities in the pitch 
of a leadscrew. 

The transverse lines of the grating are spaced on 
centers of 0.0008 in. (1250 lines per in.). Photoelectric 
pickups covered by sections of identical grating produce 
sine wave voltages as the bar is moved. Each photo- 
electric device averages a number of lines to eliminate 
effects of grating imperfections. Four sine waves are 
produced, Fig. 5A, one at 0 deg, one at 90 deg with 
respect to the first. and the complements of both. These 
waveforms connect to a squaring circuit which produces 
negative square waves for the corresponding negative 
portion of the sine waves, Fig. 5B. Differentiating and 
summing the leading edge of the square waves results 
in a gage output which produces four pulses per sine 
wave cycle, Fig. 5C. or one pulse for 0.0002 in. If the 
states of the flip-flops are logically interrogated, direction 
of the gage movement to produce a new pulse can be 
determined. 

The sine waves are also used to produce an approxi- 
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mate sawtooth waveform called the fine error signal and 
used for smoothing as described in the next section. The 
waveform is developed by summing portions of the sine 
waves, Fig. 5D, to produce an approximately straight 
line balanced about ground. Note that the zero point of 
this line lies halfway between adjacent gage pulses. 
Digital Servo. The servo valves and hydraulic motors 
used with Numill controls vary widely in capacity and 
response. However, the command signal is always ex- 
pressed as a d-c analog voltage representing desired ma- 
chine velocity. The tachometer shown in the block dia- 
gram, Fig. 3, is used for equalization when required. Main 
feedback of the system is. of course, the gage signal. 
The digital servo unit, Fig. 6A, receives the gage pulses 
as well as the director command pulses. An electronic 
switch continuously commutating between the two inputs 
eliminates the possible cancellation of signals arriving 
in coincidence. Director pulses are counted by a 7- 
register. The first 
stages of the error register are decoded to form an ana- 
log step output over + 15 steps. When greater errors 
exist, the output is held at the 15-step level, Fig. 6B, by 
logical gating. Gage signals are connected to provide 


stage reversible binary error four 


count down of the command pulses for proper motion 
of the table. 
represents an instantaneous error in the position of the 
workpiece of 0.0002 in., it is most desirable to keep the 
error register at zero. To accomplish this, an analog 
signal derived from the error register is connected to an 
integrator, which permits constant-velocity servo opera- 
tion with zero average velocity error. 

It is at this point that the usefulness of the gage fine 
error signal previously described becomes evident. With 
no counts in the error register, and the machine motion 


Since one count in the error register 
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allows milling and drilling along one axis. 


at rest. the electrical drift in the integrator will in time 
become large enough to cause unwanted machine mo- 
tion. With introduction of the fine error signal at the 
integrator summing point. a command is provided which 
will overcome this drift. The fine error magnitude ap- 
proaches that of one step of the error register. It can be 
seen from Fig. 6C that after summation with the fine 
error signal, the gage drive to the integrator becomes 
stepless. 

Auxiliary Functions. This module provides 13 “on- 
off” functions controlled by tape. The functions are of 
three types: those which turn on and hold until released 
by a future message (as spindle or coolant motor). those 
which activate some motion having completion signals 
returned by the machine (as clamp table or operate 
chuck), and those which require operator participation 
(as select adjustment while lock is off). 

Positioner. Figure 7A shows the positioner module, 
which when added to the basic system described. will 
allow positioning of a machine motion to any point 
within 0.0002 in. as commanded by the programmed 
tape or manually set in by switches. The module is built 
around a 6-decade binary coded decimal register which 
keeps an accurate count of gage motion from any selected 
reference point. The states of all flip-flops in the register 
are compared with commands from the tape or manual 
switches using digital techniques. An appropriate signal 
is developed to cause servo motion to a null position. 

The comparator provides a servo gain change signal. 
Fig. 7B, to cause rapid machine traverse (200 in./min) 
when the position error is over 1 in. and slow traverse 
(20 in./min) when the position error is less than 1 in. 
During the positioning cycle, the digital servo error 
register is held at zero. When the positioner ranks indi- 
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cate coincidence, the error register is quickly released 
and the position drive voltage disconnected. Overshoot 
of the positioner is then measured by the error register 
which acts to reduce the error to zero. Milling or 
drilling along one axis can be accomplished with position 
control by using a feed rate limiter, which limits the 
servo velocity in steps of 1.75 in./see coded on four 
binary bits activated by tape or manually. 

Display. The normal tape program requires separate 
operator instruction for those operations which the par- 
ticular machine cannot accomplish automatically. The 
Numill display module provides 12 alpha-numerical units 
which can be programmed to present messages to the 
operator visually. Thus, all information required for 
production of a part is contained on the tape. 

Both positioning and display tapes may be prepared 
using a standard unmodified typewriter-tape punch. 

Error Compensation. As previously described, gage 
signals are produced in analog sine wave form before 
digital interpretation. If a resolver driven by a position 
servo is inserted at this point, then the phase of the gage 
signals can be proportionately advanced or retarded in 
accordance with a control signal, effecting a gage whose 
electrical length can be precisely adjusted. 

The Numill error corrector module contains a position 
servo with attached resolver, and is so arranged that 
temperature corrections for each axis can be made al- 
lowing for the individual effects of machine, gage and 
workpiece temperature coefficients. Non-orthogonalities 
and other repeatable errors in the machine can be con- 
verted to electrical signals indicating the error as a 
function of machine position. These signals are sent to 
a correction computer which adjusts each individual 
gage as required. OOO 





High Voltage 
Transistor Regulated 
Power Supplies 


{pplications for silicon and germanium 
transistors as voltage regulators. Circuit 
analysis and step-by-step design procedure 
including considerations of temperature 
effects on Zener reference diodes and on 


transistor stability. 


MICHEL MAMON 
Porarap Exvecrronics Corp. 
Long Island City, N. Y. 


TRANSISTOR APPLICATIONS in power supply regulation 
provide several advantages over electron tube regulator 
circuits. These include compactness, greater reliability. 
and less weight. Equal or better performance can be 
achieved. In addition, breakdown diodes may be em- 
ployed as voltage reference sources to attain complete 
solid-state regulator circuits. 

The design of two high-voltage power supplies is de- 
scribed and analyzed in this article. One uses germanium 
p-n-p transistors and is suitable for application in mod- 
erate ambient temperatures, the other employs silicon 
n-p-n transistors and is suitable for operation to +85 C. 


Germanium 200-Volt Regulator 


The circuit shown in Fig. 1 was designed to fulfill the 
performance requirements listed below: 


Design No. 1: 

215-255 volts d-c 

200 volts d-c 

.0-500 ma 

—55 to 60 C 

0.5 millivolt (peak to peak) 
0.06 ohm 

.+ 15 millivolts 

5 millivolts 


Input voltage 
Output voltage 
Output load current . 
Ambient temperature 
Output ripple 
Output impedance 
Regulation (load) 
Regulation (line) + 


Transistors 7'] and T2 form an error differential ampli- 
fier which serves several useful purposes: it allows output 
voltages ten times or more the reference voltage; because 
of its inherent symmetry, the effect of temperature varia- 
tions is negligible in this portion of the circuit and will 
be balanced out if transistors 7] and T2 are reasonably 
matched. It is thus seen that the differential amplifier 
acts as a stable low-level preamplifier. In spite of high 
output voltage. the maximum collector-to-emitter voltage 
Ve of Tl and T2 is close to the reference voltage and 
this allows the use of low-voltage low-power transistors 
in the differential amplifier circuit. Transistors 73, T4 
and 75 form a compound configuration with overall a 
close to unity. 

Basically. the circuit operates as follows. Assuming 
the output voltage decreases by A E, the base of trans- 
istor 72 being held at a constant potential by reference 
diode DR1, the emitter voltage of T2 will decrease, yield- 
ing a drop in the collector current of 72. Since the po- 
tential across resistor R8 is approximately the reference 
voltage e’ across reference diode DR2, the current through 
R8 is fairly constant so that the reduction in the collector 
current of 72 must lead to an increase in the base current 
of transistor 73. 

The current gains of 73, 74 and T5 cause the emitter 
current of 75 to increase, the series power transistor 75 
will go further into saturation and ideally the decrease 
in V.. of T5 will compensate exactly the drop A E in the 
output voltage. 

If the output voltage tends to rise, the inverse action 
occurs and the voltage across 75 will increase so that 
the output voltage will remain substantially constant. 

Perfect compensation, however. cannot be achieved 
since some change in output voltage must occur before 
a correction materializes. The action is most pronounced 
when the mutual conductance g,, = AJ./ A ve» of trans- 
istor T2 is large; better regulation takes place because 
a small change in the output voltage A E will produce a 
relatively large change in the collector current of T2. 

Circuit Analysis. In the analysis below, the following 
assumptions are made: 

e For the differential error amplifier, the d-c current 
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Fig. 1—Germanium transistor regulator circuit. Transistors 
Tl and T2 form an error differential amplifier. Rectifiers 
D1, D2 and capacitors C2, C3 form a voltage doubler. Capaci- 
tors C4 and C5 improve the transient response. Resistors 















































gains of transistors 7] and 72 are equal to 6; = 
Bo = B. 

Load current J is much greater than any branch 
current. 

The emitter-to-base resistance R,., of TJ and T2 is 
negligible compared to any external resistor such 
as R1. R6, R7, etc. 

The dynamic resistances of reference diodes DRI 
and DR2 are negligibly small compared to any ex- 
ternal resistors. 

e The d-c current gain of any transistor is >> 1. 
To analyze the stabilizer circuit represented in Fig. 1, we 
first derive an expression for the collector current of T2 
as a function of the circuit parameters to the right of 
point A. 

Let J,, and Jy. be the base currents of transistors 7] 
and 72 respectively, and R, equal the parallel combina- 
tion of RI and R2. Then, from inspection of the error 
differential circuit, we can write the following equations: 


(8]R6 + R,) In + 8B RE Ip = R1 E/R1 + R2 (1) 
8B R6 In + (8 R6+ RR) In = E-—e (2) 


In order to make the error differential amplifier self- 
compensating for ambient temperature variations, it is 
important to keep the symmetry of the configuration. 
For this reason, it is necessary to make R7 equal to R,, 
the parallel combination of RJ and R2. Without this 
resistor, the base of transistor 72 will see only the small 
dynamic resistance of the reference diode DRI while the 
base of transistor TJ sees R,. 

Substituting and solving the above equations, we find 
the following expression for the collector current of 
transistor 72: 


R1+8 R6 
R1 (R, + 28 R6) 


R, +B R6 


— 8 R-(R, + 96 Re) *°®) 


B Te =p A Di 

The transconductance G of the error differential cir- 
cuit, i.e., the ratio of the change in the collector current 
of T2 to a change in the output voltage is found from 


Eq (3): 


a Pe =G (4) 


ABI R1 + 8 R6 
AE R1 (R, + 28 R6) 
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Table I—Circuit Constants for Figure 1 





Transistors Tl, T2: 
Transistors 73, T4: 


CBS 2N181; B2 = 20 

Delco Radio 2N442; 8s = 50; 

Bs = 40 (see Fig. 4) 

Delco Radio 2N442 (three in 

parallel) ; 8; = 30 

Reference diode DRI: Transitron SV-5 (4 diodes in 
series, total 20 velts) 

Reference diode DR2: Transitron SV-7 

D1, D2 : Transitron IN488 (2 in series) 

Bridge rectifier : Transitron 1N343 


R6 k Reg 0.15 ohm 
Rl Re 0.15 ohm 
R2 Ros 0.8 ohm 
R3 Rr 20 ohms 
R9 R7 = 900 ohms 
R8 r’ = 50 ohms 


Transistor T5: 


HW 


R4 and R5 are emitter bleeders which prevent reversal of 
base currents of T3 and T4 at light lead and high ambient 
temperature. These resistors must provide sufficient bias cur- 
rents to overcome the effect of Jo. 


RO 
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Fig. 2—Series regulator portion of schematic shown in Fig. 1. 
Transistor 75 is three Delco type 2N422 power transistors in 
parallel, 8 = 50. 
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Fig. 3—Modification of circuit in Fig. 2 to reduce output 
impedance. 
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Fig. 4—Germanium power iransistor characteristics, Delco 
type 2N422. 
































Table li—Circuit Constants for Figure 5 





Transistors T1, T2, T3: 
Transistors T4, T5: 
Transistor 76: 

Reference diodes DRI, DR2: 
Reference diode DR 


Texas Instruments 2N338 

Texas Instruments 2N424 

Texas Instruments 2N389 
Texas Instruments 653C9 
Texas Instruments 651C5 
(three in series, total 15 
volts) 


R8 = 3.3k 
R7 = 2.7k 
=R. = 1 ohm 


r = 235 ohms 
Rr = 15.5 ohms 


- ~) 
| 


araraDa 
mw ww ~ 
How UL Ut 


Fig. 5—Silicon transistor voltage regulator circuit (from Texas 
Instruments’ New Parameter News, November 1957) provides 
110-130 volts d-c output at +10 millivolts regulation, 0—600 
milliamp. 
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Analysis of the circuit to the left of point A (see Fig. 2), 
yields: 


E, —-Rrl =E+e +r'i+ R9 ( B Ive + J ) (5) 
B Bs Bs 


and 


(Ra + Ra +'Re) I + R8 ( Bw + = : ) =e’ +r'i(6) 


where Ry, represents the transfer internal resistance 
(transformer secondary, rectifier forward resistances and 
filter choke resistance, if present) and R,/ is the equiv- 
alent emitter-to-base voltage drop of the compound con- 
nected transistors at full load. 

Solving the above equations and neglecting second 
order terms. we get the following equation for the output 
voltage of the stabilizer circuit of Fig. 1: 

pee" 4 _€ 44 R1/R2) 

G RI RS G RS 


( Ree, Rat+Rat+Ra, 1 yo 
R9 R8 Rs Bs Bs B 


xe-—1/G 


The constants of this circuit are given in Table I. Sub- 
stituting from Table I we obtain: 


Stabilization factor: 


AE r’ l 


wai ~ GRIRS 3700 


AE, 
Output impedance: 
_{ Rrr’ l Ra t+Ra +R 
R, =1/G ( : ~ he n: “) = 0.201 9 
R9 R8 B: Bs Bs = R8 sacha 
Output voltage at no load: 
E = (1 + R1/R2) X e = 200 volts (0) 
A slight modification of this circuit as shown in Fig. 3 
will reduce the output impedance R, as can be seen from 
the following equations which are valid for the circuit of 
Fig. 3: 
(Re + Ra) X 1+ R8 (8 In + 1/8; 8: 8s) =e’ +r’ t C11) 
Ei —Rrl=E+Roel +e’ t+r’'t = R9(B liz + 1/Bs Bs Bs) (12) 


Solving these last two equations and neglecting second 
order terms, we obtain now: 


'E e’ ; 
Pn Fe 1 + R1/R2) Xe — L/G 
GRORS | GRs ( )xXe 


€ . 2 Res yo pl + R, 
R9ORS8 — R8 


+ Ree yD ) sy 
Bs Bs Bs 


Substituting from Table I, the new output impedance 
becomes: 


R.' = 0.06 ohm 


This is a substantial improvement. 

It should be noted that if the resistor R7, (which is in 
series with the base of transistor 72) is shorted, both the 
stabilization factor » and the output impedance R, are 
halved. This, however, is not 
serious drifts will result. Examination of Eq (8) reveals 
that for better regulation it is necssary: 

1. To select a reference diode DR2 having low dynamic 
resistance r’: this will require a Zener diode with higher 
dissipation and therefore lower resistance value. The de- 
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Stobistor static characteristics 
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Stobistor dynamic chorocteristics 
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Use of stabilizing diodes for temperature drift compensation of Zener voltage reference diodes. Exact compensation is 


achieved by selection of proper value for R. Typical temperature coefficient of Stabistor diode is —2 millivolts/deg C. 


signer must aim at minimizing the ratio of r’/R8. The 
value of the resistor R8 is found from Eq (6). 

2. The transconductance G defined in Eq (4) scaust be 
as large as possible. For the circuit of Fig. 1 we have 
G = B/2 RI = 0.001; therefore, transistors T] and T2 
must be selected with a higher d-c current gain. While 
decreasing R/ leads to higher values of G, the resulting 
higher losses will be detrimental to the overall efficiency 
of the stabilizer. 


Silicon Regulator 


The circuit of Fig. 5 was designed to fulfill the follow- 
ing requirements: 


Design No. 2: 
Input voltage 
Output voltage 
Load current 
Ambient temperature 
Output ripple 
Output impedance 
Regulation (load) 
Regulation (line) 


137-165 volts d-c 

110-130 volts d-c 

0-600 ma 

—55 to +85 C 

0.5 millivolt (peak to peak) 
0.02 ohm 

+10 millivolts 

+10 millivolts 


Transistor 73 provides additional gain and proper di- 
rection for error signal flow. As in the previous design, 
let Jy;, Jy. and J, be the base currents of transistors T], 
T2 and T3 respectively, while the base-to-emitter re- 
sistance of these transistors is Rye = ry + ar,/l = a. 
The general assumptions of Design No. 1 are repeated 
here. Following the same procedures, by inspection of the 
circuit of Fig. 5 we may write: 

e E—-e 

. = + Ira 14 

R2 R1 “9 
E—e = R4Bslen + (R44 rt 
r(g Ti. — Tos) » 2 Ro, I, = @ 


(15) 
(16) 


+r’ i 


va 
R? ( + Ins ) oe en ae ee ere 
By Bs Bs ( : . * r ™ (I ) 


! ) (18) 


E, - Rel =(8 +e) = Re ( i +e la 4 
B, Bs Bs 


The transconductance of this circuit, i.e., the change in 
the collector current of transistor 73 caused by a change 
in the output voltage is: 
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R668 


_ ABs Ty _ 
R1(R6 + Ry +19’ Bs) 


G= 
AE 


(19) 
Now, if e, = e., we obtain the following expression for 
the output voltage: 


r’ Ey I 


Rie 
= + (1 + R1/R2) +e - 
a Ret dint G 


( rRr , Ra t+ Ra + Re , _1 ) eo 
RS R? R? B, Bs Be 


E = 
G R8 R? 


Circuit constants for Design No. 2 are listed in Table II. 
Substituting from this table, we find: 
Transconductance: 
G ~0.041 
Stabilization factor: 
r’ ] 


1500 


*” GRERT 


Output impedance: 


R, = | rRr , Rat Ra + Ro, _ 1 ) = 0.02 ohm 
G R8 R? R? Bs Bs Be 
The no-load output voltage: 
E ~(l+ R1/R2) Xe ~Q + 21/3) X 15 = 120 volts 


It is interesting to note that although the stabilizer cir- 
cuits of Figs. 1 and 5 are quite dissimilar in configura- 
tion, they yield the same expressions for », R, and the 
no-load output voltage. 

These circuits differ by their respective transconduct- 
ances. The higher value G for the circuit of Fig. 5 comes 
from the d-c current gain of transistor 73 which is 
missing in the circuit of Design No. 1. 


Temperature Effect 


In Fig. 1, the effect of /., drift of transistors T] and 
T2 in the error differential amplifier may be simulated 
by incorporating a fictitious thermal signal source K, A 
T and K, AT in the respective bases of T] and 72. 
Coefficients K are volts per degree C. For the stabilizer 


(Continued on page 304) 
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Three articles emphasizing 
the importance of the human 
engineering approach to suc- 
cessful control panel design. 


1. Instrument Design for 
the Elimination of Errors 
in Use 

2. Five Elements of a 
Good Control Panel 


3. Control Knobs for Mili- 
tary Electronic Equipment 


[Instrument Design for the 


R. BILINSKI 
U. S. Navy Exectrronics LABORATORY 


San Diego, California 


THE COMPLEXITY OF MODERN EQUIPMENT and the limita- 
tions imposed by the availability and ability of manpower 
make it imperative that electronic test instruments be 
designed to perform their functions quickly and eflhici- 
ently. Any design features which increase the possibility 
of errors while the maintenance man is in the process 
of energizing the instrument, making preliminary settings 
on it, or interpreting the information generated should 
be corrected or, where possible, eliminated. Many of the 
errors made with such instruments are the direct result 
of lack of familiarity or lack of training. Since economic 
and time factors often limit the amount of training. it is 
vital that the designer of test instruments avoid features 
which have a high error potential. 

In a previous human engineering study,* shipboard 
test instruments were investigated in terms of their rela- 
¢*4 Human Engineering Study of U. S. Navy Test Equipment,” C. R. Bilinski 


NEL Report 781, April 2, 1957, BuShips. See also *“‘Human Engineering Faults 
in Test Equipment Design,”” Evectrrica, Manuracturinc, August 1957, p 150 





Per cent committing errors 
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Fig. 1—Per cent of men committing errors vs number 
of settings required for 6 groups of 17 men each. 
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Fig. 2—Per cent of men committing errors vs distance 


between control knob and its dial for 8 groups of 15 men 
each, 
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Elimination of Errors in Use 


tion to the capabilities and limitations of the personnel 
using them. It became apparent that further study should 
be directed first to determining the errors made by op- 
erators of test instruments and, second, to investigating 
the relationship between errors and the design of the in- 
struments. Accordingly, a study was made having as its 
objective the location and analysis of some of the errors 
involved and, if possible, the recommendation of design 
changes which would reduce or eliminate the occurence 
of such errors. 

General Results. Over 1200 errors in test instru- 
ment operation were observed and recorded. Of these, 
8 per cent may be described as “accidental” (operator’s 
hand struck control unintentionally, another man brushed 
against controls, settings shifted when equipment was 
moved, etc.). The remaining 92 per cent are classed as 
errors due to lack of adequate training with the equip- 
ment. Results show that, in the operation of test equip- 
ment, errors can be placed in two general groupings: 
(1) those caused by improper design of panels; and 
(2) those caused by the design of the functional item 
itself, such as a knob, scale or lever. 


1 
13 |4 or more 


Number of controls 
Fig. 3—Per cent of men committing errors vs total 


number of knobs on a control panel measuring about 
12 by 16 in. for 13 groups of 10 men each. 
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181-21 


Fig. 4—Per cent of men committing errors vs panel 
space per control for 7 groups of 15 men each. No re- 
striction on size of panel. 
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Errors Due to improper Design of Panel. The 
control panel is the central point of attention for the 
technician. If he is confronted with a variety of controls 
each requiring an exact, specific setting, then each be- 
comes a possible source of error. 

Errors increase when the number of required settings 
increases, as shown by the graph in Fig. 1. It will be 
noticed that the rate of increase of errors with the num- 
ber of settings required jumps sharply when there are 6 
or more settings and that it appears to level off above 
12. The conclusion is that experienced personnel tend to 
exercise greater care when the test instrument is com- 
plex, while inexperienced personnel tend to avoid using 
complicated test instruments. 

The distance between a control knob and the dial it 
controls is also a factor in determining error, as shown 
in Fig. 2. This effect is influenced by (1) the number of 
knobs present on the panel and (2) the number of knobs 
which are equidistant from the dial which only one of 
them controls. When the latter occurs, there is a good 
chance that the wrong one will be used. and of course 





Turn knob 
clockwise 


Fig. 5—Examples of failure to follow 
laying out control panel. 


standard practice 





this tendency 1s even more pronounced when there are 
a large number of knobs on the panel to begin with. 
Figure 3 shows the relation between error and number 
of knobs. There is a sharp increase in error when a panel 
of the specified size contains six or more controls. 

Further study (in which panels of a large variety of 
sizes were utilized) indicated that there also is a relation- 
ship between errors and the area of panel space per knob 
since, as the area is reduced. errors increase sharply, as 
indicated in Fig. 4. The results of this test show that the 
minimum area of panel per knob for good accuracy 
should be about 15 sq in. 

Errors Due to Lack of Standardization. Another 
factor frequently contributing to confusion and, hence, 
to error is lack of standardization. As shown at A in 
Fig. 5, the positions of knobs and settings for a particular 
instrument are often changed on a new model of the 
same instrument so that an operator, instinctively reach- 
ing to the old position for a particular knob, contacts 
the wrong control. Another example of poor standard- 
ization is shown at B in Fig. 5, where the turning of a 
dial pointer counter-clockwise is achieved by turning a 
knob clockwise. Poor marking or labelling of controls 
is illustrated at C in Fig. 5, where it is not clear which 
knob is to be used for tuning. 

Errors Due to Functional Design. Many errors 


occur as a result of the design of either the functionat 
item itself or items closely associated with it. Errors of 
this type are listed in table below. 

Consequence of Errors. The errors discussed here 
are just a few of those that occur every day. While most 
errors are merely annoying and can be corrected imme- 
diately, others waste time and sometimes cause real 
damage to the instruments. Over a period of one week, 
24 technicians were observed for 1% hr each and 72 errors 
were observed and recorded. A total of 127 min, or 
slight'y more than 2 hr, were lost in correcting these 
errors. 

Errors can be expensive. For example, much of today’s 
electronic equipment utilizes high-voltage, low-current 
circuitry. Improper settings of almost any test instru- 
ment used with this type of equipment can place a low- 
resistance load or a short across the circuit. This will 
usua!ly result in damage to the test instrument (a broken 
needle. a “burned out” component, etc.) resulting in 
costly repair and lost time. In such cases, the loss of the 
use of the instrument while it is being repaired is also 
important. 

The opportunities for making errors, wherever they 
exist. must be reduced since sooner or later the right man 
will come along to make the error and, in times of stress, 
any man may be the right one. OOO 





Table of errors committed by 288 electronic technicians in using test instruments, 
showing relation of errors due to poor functional item design and total. 





Functional Item Error 


Inserts of all kinds Put insert into wrong socket 


Took wrong reading 
Took wrong reading 
Interpolation error 


Scale 


Turned wrong one 
Turned knob in wrong direction 
Turned knob in wrong direction 
Set knob between numbers 
Turned dial past stop 
Turned both knobs 
Coaxial knobs 
Turned wrong knob 
Charts and tables Took wrong reading 
Took wrong reading 


Turned in wrong direction 
Read wrong setting 
Missed one setting 


Tube chart 


Lettering Turned wrong knob 


Turned wrong knob 


Omitted one side 
Replaced backwards 


Vacuum tube 


Lid Replaced incorrectly 


Door latch Unscrewed latch 


Binding posts Wires touch 


112 


Posts too close 


Per Cent 


Cause of Total 


Insert fits easily into wrong socket 19 


Looked at wrong line 
Scale graduations too fine 
Became confused 


Experimented; did not know which was correct 
Confused by recessed numbers 

Did not know which way dial would turn 

No clicks or detent 

Turned too hard 


Had difficulty holding one knob without touching the 


other 


Did not know which was correct one 


Numbers were too close 
Unfamiliar with table 


Turned knob in direction he wanted chart to turn 
Settings too close together 
Did not notice there were three tube sections 


Did not know which knob went with which lettering 
Could not understand the abbreviation 


Did not notice that there was another side 
Key worn 


Lid can be replaced from only one side if it is to be 


seated correctly 


Thought this was the only way door could be opened 
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CONTROL PANEL DESIGN 
and HUMAN ENGINEERING 


QuexFive Elements of a Good Control Panel 


D. R. WITT 
IMAGINATION UNLIMITED 
Minneapolis, Minn. 


THE EFFICIENT, ACCURATE OPERATION of any equipment 
which contains a control panel is dependent on the suc- 
cessful layout of the dials, lights, knobs and other con- 
trols mounted on the panel. A good control panel design 
is the result of the proper consideration of five factors: 
(1) layout pattern, (2) dial choice, (3) hand control 
selection, (4) color and illumination, and (5) appear- 
ance. 

Layout Pattern. There are several different kinds of 
layout patterns which can be used for the visual displays 
and controls on a panel. The “functional” pattern calls 
for groupings according to their use. For example, all 
electrical controls would be in one group and all hydrau- 
lic controls in another. The “importance” pattern places 
the most critical controls in the best positions on the 
panel (usually the center, since the eye goes there first). 
Similarly, the “frequency-of-use” pattern calls for putting 
the controls or displays which are used most often (they 
are usually the most important as well) at the center and 
the less used items on the outer fringes of the panel. The 
“sequence-of-use” pattern places the controls in the order 
in which they are used (left to right, center to outside, 
etc.). A final type of pattern is the “choice-of-arrange- 
ment,” which is determined by observing an operator 
at work using the equipment or by asking the personal 
opinion of the operator. 

Dial Choice. Dials whose readings fall in a sequence 
should be placed so that they read from left to right or 
up and down (Fig. 1). Choose dial faces so that the 
pointer will just fall short of touching the index marks 
and so that the numerals are in direct lines with the 
index marks (Fig. 2). White dial faces with black mark- 
ings are preferred. Information on the dial face should 
be only that necessary to operate and read the dial prop- 


ae 
Preferred 
dial hands 


> 






































Fig. 1—Dials which are functionally connected should be 
grouped together to be read either from left to right or top to 
bottom and should be set off with lines to indicate their re- 
lationship. 


Fig. 3—(A) Toggle switch gives visual indication of position as opposed to simple push- 
button switch. (B) Use large knob for critical adjustment, smaller one for non-critical. 


Fig. 2—Dial pointer should just miss 
touching index mark and numeral 
should be in direct line with mark. to panel. 
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(C) Knob with skirt keeps fingers from covering up numbers normally printed on panel. 
(D) Long-stemmed knobs are good for use where there is not enough room to grip close 


113 





Fig. 4—Types of finger controls. 


Fig. 5 (left)—In back-lighting, the 
light passes through a translucent 
portion of either the panel or the 
control. 





Fig. 6 (right) — Floodlight 
adaptor prevents glare in the 
operator's eyes. 











erly. Keep projecting controls away from the dial face 
so that shadows do not fall on it. Curved glass windows 
over dials facilitate reading visibility. 

Hand Control Selection. Controls which are to be 
operated in sequence and are located together in a group 
should all be the same size. In dial and control combina- 
tions, the dial should move as far and in the same direc- 
tion as the knob does to obtain coordination between the 
operator's hand and eye. Control panels which demand 
that the operator watch the visual displays closely should 
have their manual controls coded either by shape or 
size. Size coding is preferable when there are only a few 
controls on the panel. In choosing hand controls, con- 
sider the position of the operator’s hand on the panel and 
select a control that will be easy to reach and operate 
(Figs. 3 and 4). 

Color and Illumination. Colors which will cause as 
little eye strain as possible should be chosen. Neutral 
shades of grey, brown and blue are recommended for 
panels. Bright reds, yellows, etc. should be avoided. 

The best illumination for a control panel is obtained 
either by back-lighting or by shaded floodlights (Figs. 
5 and 6). An illumination of 40 to 50 footeandles pro- 
vides the best light for control panels. Glare should be 
avoided and should be reduced by diffusing the light as 
much as possible. 

Appearance. The control panel is an important 
functional part of an equipment and, because of its 
prominence in the operation of the equipment, it must 


also be an attractive accessory. Good function and ap- 
pearance can both be obtained in the panel design by 
first grouping the controls according to their function, 


laying these groups out on tracing paper and then ex- 
perimenting with various types and styles of division 
lines between the groups. (Fig. 7) The judicious use of 
color can also improve the overall appearance. Do not 
use more than three colors on any one panel. Select let- 
tering which is easy to read for instructions. Plain block 
lettering, all of one style. is preferred. omene) 
























































Fig. 7—Control panel layouts illustrating grouping for fune- 
tional purposes and appearance. 
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CONTROL PANEL DESIGN 
and HUMAN ENGINEERING 


«b=Control Knobs for Military Electronic Equipment 


T. G. NESSLER 

Broadcast Transmitter Engineering Section 
Rapio Corporation OF AMERICA 

Camden, N. J. 


THE DESIGN, CONSTRUCTION, AND APPLICATION of control 
knobs for military electronic equipment are governed by 
definite military specifications issued by the three serv- 
ices of the Department of Defense. Requirements for the 
utilization and general design features of these knobs 
are contained in the following general equipment speci- 
fications: 


MIL-E-16400 (Ships)—Electronic Equipment, Naval Ship 
and Shore: General Specification. 

MIL-E-5400 (ASG )—Electronic Equipment, Aircraft, Gen- 
eral Specifications for, (Approved by the Department of 
the Air Force and the Navy \eronautics). 

MIL-E-4158 (USAF)—Electronic Ground: 
General Requirements for. 

MIL-E-8189 (ASG) Electronic Equipment, Guided Mis- 

General Specification for, (Approved by the 
Department of the Air Force and the Navy Bureau of 

Aeronautics). 

MIL-P-11268 (SigC)—Parts, 

Used in Electronic Items. 


Bureau of 
Equipment, 


siles, 


Materials and Processes 


indicates that the 
requirements with 


\ review 
three 


of these specifications 
services have the same basic 
regard to knobs. Basically, these are: 

1. Knobs are to be used for adjustments or controls 
which are in continual use or are readily accessible for 
occasional use during the normal operation of the equip- 
ment. Infrequently used controls in inaccessible locations 
should be screw-driver operated. 

2. Operating controls shall be conveniently located and 
readily accessible to the operator from his normal work- 
ing position and shall be suitably arranged and of the 
proper size and shape to permit differentiation when used 
illumination conditions. Whenever feasible, 
color coding should be used as a means of differentiating 
between various controls. 

3. Knob details: 

(a) Knobs shall have high impact strength. 

(b) Knobs shall be held by two set screws located 
either at 90 or 120 deg to each other. 

(c) Plastic knobs shall contain metal inserts for 
set screws and shaft installation. 

(d) Unsymmetrical knobs shall be counterbalanced. 

(e) Knobs shall satisfactorily meet the environ- 
mental conditions specified for the equipment. 

The detailed procurement specification for knobs 
meeting these requirements is MIL-K-3926—Knobs, Con- 
trols, for Use with Electronic, Communications, and 
Allied Equipment. Supp'ement 1 of the specification lists 
applicable Military Standards (MS drawings) which 
delineate both plastic and metal control knobs. Only plas- 
tic knobs are illustrated in this article since they are used 


under low 
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Tactile knobs approved for use on military equipment 


per MIL-STD 242 and MIL-E-16400. 


Fig. 1 


Table I—Tactile Control Knobs 





Insert* Knob application 








=) 


Function Color 





Focus Violet 





Intensity Blue 





Range Yellow 





Bearing Grey 





Variable 
range marker 
or strobe 


Green 





Tune Orange 





Gain Red * = 





Dimmer White s a 




















CO) |W} |C00) 8F 





PIOO/O]O}O}AlaalF 








* The insert increases the basic knob overall height 3/16 to % in. Consult manu- 


facturer for actual dimensions 





almost exciusively for military electronic equipment due 
to their generally lower cost and better dielectric and 
heat transfer properties. 

Tactile Knobs. The tactile knob for military equip- 
ment has a color- and shape-coded insert in the top to 
enable rapid visual and touch identification. They are for 
use primarily in dimly lit areas. The knobs shown in 
Fig. 1 meet the requirements of Section 700 (Control 
Knobs) of MIL-STD-242 (Ships)—Electronic Equip- 
ment Parts (Selected Standards) as specified for use in 
MIL-E-16400. They also meet the requirements of MIL- 
K-3926 and hence may be used for military electronic 
equipment in general unless detailed equipment specifica- 
tions indicate otherwise. Eight control functions which 
have been standardized by the military are illustrated in 


Table I. 


General Criteria 


1. Use small round knobs (approximately 1 in. diam) 
for non-critical adjustments such as volume, focus and 
light dimming. Use larger knobs (approximately 2 in. 
diam) for more critical adjustments such as tuning or 
frequency. 


Table Il—Pointer Knobs—MS 91528 


2. Use skirted dial knobs to avoid obscuring figures 
on panel with fingers. 

3. For switching functions use only pointer knobs with 
mechanical detents to aid positioning. Size is not im- 
portant as long as there is sufficient gripping surface. 

4. Use coding techniques such as location, shape, color 
and size (or tactile knobs) to reduce operator error. 

Various knobs which meet these general criteria as 
well as the necessary specifications are shown in Tables 
II through VI. In these tables all dimensions are in inches 
and, unless otherwise specified, tolerances are +! 
fractions, +0.005 on decimals, and +1 deg on angles. 
Materials are as follows: 


64 On 


Knobs—Plastic, Type II, Class H2, per specification 
L-P-349, or Type MFG per specification 
MIL-P-14, color black. 

Set Screws—Per specification FF-S-103 with cadmium 
plating Type II, Class C, per QQ-P-416 or 
zinc plating Type II, Class 3, per QQ-Z-325. 

Inserts—Brass per QQ-B-611 or commercial aluminum 
anodized. 


The torque test required on all knobs is 50 in.-lb. O O O 





A+0.010 


| 


; CRibbed gripping surface 
Plain form 


Skirted form 


/ Contour of cap optional HH+00I0- 


F min rG min GG min-> 
| 











Ne [3 





LA, 
HH [! LFF min 

A ' EE mox 
Xt 0.010 54 x a B max © min 
+X+0.010-++ 4 


Pointer knob Pointer knob with plain skirt 





Shaft 
hole 


~All knobs 


M D 


Dimensions 


Plain Skirted 


Fic DD | EE FF | GG/ HH 


0.0260.130 0.405 


5-40 
NC-2B 
for 14 
shafts 


8-32 
NC-2B 
for \4 

shafts 


0.1140.255,0.520 


—2K2D 


0.693 + 0.010 —— 


0.188)0.312)0.568)0.660) 0.705 
+ .015 


0.795 


0.640 ———|0.901+0.010 


0.3200.484,0.730\0.850) 1.015 
|} .015 


| 





*First letter “‘P”’ indicates plain pointer. 
First letter “‘K”’ indicates skirted pointer. Use to conceal mounting hardware. 
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Table Ill—Round 


Knobs—MS 91528 





Plain form 





M 2 set as 


screws ON 


90° apart 3 











Skirted form 


HH +O0I0O—— 
GG min— 
Gmn-7 


EE max 























2.250 


—5D2D —0.005 


All Knobs 


Cc M D E 


All 8-32 
NC-2B 
thds for 
14 shafts 


Dimensions 


G H 


615 


Skirted 


DD 


FF 


0.320 | 0.489 | 0.7 


0.320 | 0.489 


GG 





*First letter “‘N”’ 


in knob number indicates plain form. Use where only the control shaft protrudes beyond panel. 


First letter “‘D’’ in knob number indicates skirted form. Use to conceal externally exposed mounting hardware. 


Table I1V—Crank Knobs—MS 91528 (Note: spinner with plain skirt. Use with multi-turn devices such 
as inductors, potentiometers, etc.) 





Spinner free 
r-to rotate on 
Own OxIs 


Ribbed gripping 
surface 


K+0.010 
L+0.010 


Contqur 
of cap 
optional 








J+0.010 











an Yy 





mn 
EE mox 
LFF min 
LHH +0010 


| Lop 








+0.002 
-0.000 


ae 


i mox 


0.252 


Cc min 























M+A+0,01I0— 


Spinner 
counterbalanced 
to prevent 
unbalanced 
forces from 
causing rotation 
during vibration 





0.255 0.401 


0.320 0.489 


0.489 | 


0.320 


Dimensions 


HH 


0.855 


+0.015 


1.073 


0.740 


+0.015 


0.740 


1.099 


+0.015 





SEPTEMBER 1958 





Table V—Dial Knobs—MS 91528 (Note: use for continuously variable controls) 





Undercut 
M optional ~] rmHH +0010 


2 set screws” Ribbed gripping EE _ 
‘; surface 














Bottom view showing 
orientation of calibration 
mork with respect to 
location of set screws 








Calibration mark 
Na a o 
“t 15° max! filled with permanent 20° max 








Oe white, punched out, 
—: or translucent 








MS Diam of Dimensions 
Dash body, 


No.* DD EE 
1F1D 


1F2D 
5-40 
-101D 5 NC-2B 
for 4 
102D 5 shaft 


-2F1D 8-32 
- NC-2B 
—2F2D 5 for 4 
0.640 shaft 90: 0.850 
201D 


202D 


-3F2D 


817 0.401 
302D 


~4F2D 5 : 2.448 


— | +0.005 
—402D 5 | —0.010 


—5F2D : 5 | 3.000 
—— A | +0.005 
—502D |} —0.010 


*First letter “‘F’’ in knob number indicates opaque index marker 
First letter ‘‘O” in knob number indicates trarslucent index marker. Use for back-lighted panel 





Table Vi—Transmitter Knobs—MS 91531 (Note: also available with dials, pointers and skirts) 





K Ee 
2 set screws 








Diam of Shaft hole 
cap, diam, — a 
A B | G H 
+0.002 
0.127 
—0.000 
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Effect of 
High Intensity Radiation on 
Electronic Parts and Materials 


A preliminary study of neutron and gamma radiation effects on 


components and materials used in Signal Corps equipment. This 


report gives test results and indications of problems arising from 


irradiation of equipment in a nuclear blast area of high energy radia- 


tion. 


Cc. P. LASCARO and A. L. LONG 
U. S. Army SicnNat ResearcH AND DeveLopMENT LABORATORY 
Fort Monmouth, New Jersey 


NUCLEAR REACTORS AND NUCLEAR EXPLOSIONS are the two 
prime sources of nuclear radiation that may affect equip- 
ment reliability. When a reactor is operating there is a 
steady flow of neutrons and gamma rays, in addition to 
alpha particles, beta rays and fission fragments. In esti- 
mating possible radiation damage only neutron particles 
and gamma rays require prime consideration. 


Table I—Radiation Effects on Capacitors (10'* nvt) 


The second source of radiation, a nuclear explosion, is 
quite complex, including shock, thermal and radiation ex- 
posures. This radiation environment includes a very short- 
term, high-intensity pulse of neutrons and gamma radia- 
tion, a long-term low-intensity gamma field resulting from 
fallout, a long-term low-intensity gamma field resulting 
from the activation of materials by the original neutron 
pulse, and an intense short-term electromagnetic field.* 

The effects of nuclear explosion radiation on Signal 
"©The mechanisms of radiation’ damage have been discussed in detail in previ 


ly published articles in Evecrrican Manuracturtnc. See references at end 
of article. 





Insulation resistance, | 
megohms per cent 


Type Rating 


cy15¢4715 470 put 
Glass 500 vde 


CM150471) 470 uf 
Mica 300 vde 


CM20B101K 100 uf 
Mica 500 vde 


CC26UJ680) 68 uf 
Tubular ceramics 500 vde 


50,000 


no change 


CK63Y103 
Hi-K ceramic disk 


“CPOSAIEE102M 
Paper 


PP25B501 
Tantalum 


PP20B10A2 
Tantalum 


SEPTEMBER 1958 


10,000 put 
500 vde 


0.001 puf 

400 vde 
25 uf 

5 vde 


20 uf 
10 vde 


no change 


no change 


no change 


Dissipation factor 
change, per cent 


Capacitance change, 





50,000 


no change 


50,000 ; —0.01 


50,000 ‘ —0.1 


no change 


leakage current 


no change 


no change 





Table II—Radiation Effects on Encapsulating Materials 
(Ye in. thick specimens) 





Epon 828 with 


hardener D unexposed control 3.47 0.019 0.066 149 


Epon 828 with 10" nvt 
hardener D mod. with 
polybutadiene unexposed control 


Epon 828 + hard- 10 nvt 
ener D + 30 per cent _ 
CaSiO, (Wellastonite) unexposed control 


Hysol 6020 10" nvt 


Thiokol . 
hardener XA-C-21 unexposed control 











10'* nvt 3.89 0.0327 0.127 189 


Dielectric Power Loss Dielectric | Per cent change 
Exposure constant factor factor strength from control 
at 10° cps| at 10° cps at 10° cps v/mil sample 


afl. 


+ 


0.0773 
0.0156 

















Corps electronic equipment will be discussed here. 


Most previous studies involving electronic gear sub- 
jected to nuclear explosions have been limited to blast 
and thermal effects. There are situations however, where 
electronic systems will not be damaged by thermal and 
mechanical effects, yet receive damaging doses. 

Recently an opportunity was presented for participation 
in a field experiment where materials and parts were ex- 
posed to the radiation dosages of a nuclear weapon type 
explosion. More than 600 specimens of about 120 dif- 
ferent types of electronic parts and materials were thus 
statically exposed in a non-energized condition to various 
intensities of radiation. The exposures were high-intensity 
doses delivered within a period of milliseconds. The items 
were located in such a manner as to eliminate blast and 
thermal effects, yet receive the desired radiation doses. 
Measurements were made some time after exposure so 
only permanent effects could be noted. 


Test Results 


One group of electromechanical parts (including meter 
switches, fuses and fuse holders) showed some significant 


Table Ill—Radiation Effects on Microwave Ferrites 


changes. One relay in particular showed a decrease in 
operation and loss voltage when it was operated after 
exposure. Another relay showed protruding rubber seals, 
probably due to inner pressures caused by outgassing 
of materials or swelling of the plastics seal. 

Glass. mica, ceramic, paper and tantalum capacitors 
showed changes (Table I). These changes, all considered 
permanent, are within tolerable limits and are comparable 
to initial measurements. 

Casting resins showed some permanent change. de- 
pending on their composition, as shown in Table II. The 
changes appeared to be in increases of power and loss 
factors, which would tend to make encapsulated circuits 
show a higher loss. An inorganic filler (Wollastonite) 
added to the resin appeared to reduce this effect, but with 
some lowering of its dielectric strength. 

Magnesium-manganese ferrite bodies designed for 
microwave use showed changes after exposure. Changes 
in the resonant field (AH,) and in absorption amplitude 
(U” max), as shown in Table III. have harmful effects 
on the performance of microwave ferrite parts. A change 
in the operating point, as shown by AH,, causes either an 
increase in the insertion loss or a decrease in the non- 





Sample No. 
(Mg-Mn-Fe) (30 mils diam) 





R-1A 





317 
H, 678 


a#,.* A (SH),* 
oersteds oersteds 


+50 


—125 +75 —0.8 | 3 Xx 10" nvt 
+150 +55 +1.7 approx. 





*Hr change in applied field required for resenance. U” = change in amplitude of absorption peak. SH = change in ferromagnetic line width. The values given 


for SH are not significant; the probable error for this measurement is estimated at 60 oersteds. 
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(Unexposed sample taken as 100 per cent) Table IV—Radiation Effects on 
Tape-Wound Delta Max Cores 


Lime glass (Omi) 
Lime gloss (iO nwt) 





Vycor (104 nvt) H er . 








Per cent tronsmission 
(compored to 100 per cent for unexposed somple 





Change in percentage after 
Radia- exposure Residual 
tion - — - radiation 
(nvt) | H. B, B,, B,|B,,| (mer /hr) ** 








40 4 1 rt 1 1 1 1 —_ — 
200 300 400 500 600 700 800 900 1000 

Wavelength, microns ME 3 P NS 
3x10" s 0 NS 


MA 3 NS 


, , , , 3x10" 
reciprocal microwave propagation parameters; change in MA 3 NS 


the absorption peak amplitude will affect non-reciprocal 3x10" NS 
parameters. The change in resonant field and absorption 
peak amplitude can be associated with a change in local 20 ME 1—10" NS 
internal fields which are controlled by density, lattice dis- 26 | ME 1-10" NS 
tortion, ionic distribution and other similar effects. | 

Results from exposure of tape-wound Delta Max cores 18 |MA1—10" NS 
are recorded in Table IV. The points H, (coercive force) , 23 |MA1—10" 


Light transmission rate change through irradiated glass. 


B.. (residual magnetism), B,, (maximum magnetism) and 

the ratio B,/B,,, as shown on the hysteresis curve, are o1 lmeo 104 

those values normally taken to determine the character- 

istics of a magnetic material. These values were measured 

by a dynamic hysteresis loop tracer. 24 «ME 2-10" 
Cores 14 and 21 showed some transient changes which 14 MA 2—10" 

disappeared after several days. Core 13 showed some (14) 

resultant changes from exposure, but was reslored by ; 

placing it in a transverse magnetic field. Core 27, how- 19 |MA 2—10'3 

16 control 


; 25 | control 
than before, these being of a permanent nature. 17 | control 


ever. showed better magnetic properties after radiation 


Meter windows of lime soda glass exposed to 10** (17) 
nvt showed no visual darkening. However, a dose of 10" 





nvt gave a slight visual darkening. The top two curves *NS=not significant 

in the chart show the percentage of light-transmission **Milliroentgens per hour. 

change compared to unirradiated glass. The effect of these 

radiation doses on lime soda glass may therefore be pared to unexposed glass. The degree of darkening how- 

considered as negligible. ever, did not obscure objects or print viewed through 
Vycor glass became visually darker than lime soda _ the glass. Solar cells were readily activated through the 

glass when exposed to 10'* nvt. The bottom curve is the irradiated glass. The boron in the glass is probably the 


light-transmission curve of the irradiated sample as com- (Continued on page 306) 


Table V—Radiation Effects on Semiconductor Rectifiers 





Forward voltage 
Exposure drop change, 
Type intensity (nvt) per cent Remarks 


a = 150 volts 3 x ja Hig Leakage current very high—1 failure at 1000 per cent increase. 


10" + 25 Items in lead-lined boral containers worse than unshielded items. 


3 x< 10% + 10 to 20 Leakage current increases higher than 230 per cent. 
10" 10 to 20 inconclusive. 
10" 10 to 20 inconclusive. 


Germanium 


Selenium | 3 x 108 Generally not affected. 


Copper oxide inconclusive. 


Titanium oxide ' 3 x 108 ~~ $mall increase 


Disk thermistor No change 
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Synthetic Sapphire 
Used As Infrared Sensor 
In Electronic Equipment 


THE FAST-GROWING FIELD of infrared 
instrumentation requires reliable and 
sensitive infrared detectors. In this 
application synthetic sapphire serves 
two important functions. It acts as a 
heat sink and as a transmission win- 
dow. Such a detector is made by Barnes 
Engineering Company, Stamford, Con- 
necticut, and utilizes sapphire com- 
ponents produced by Linde Company, 
Division of Union Carbide Corpora- 
tion, New York, New York. 

Infrared detectors are used as sens- 
ing elements in radiometers, pyrome- 
ters, product control units, refractom- 
eters, missile guidance systems and 
many other devices both in production 
and in the development stage. The de- 
tector is the key element of the in- 
frared system which comprises an en- 
trance window to admit infrared radia- 
tion, an optical system to focus in- 
frared waves, a sensing or detection 
device to convert infrared radiation 
into electrical energy, an amplification 
system and a direct reading device, 
such as a cathode ray tube, motor or 
paper chart recorder. 

The heart of the rugged and fast 
sensing element is a thermistor, a 


Sapphire window being fitted to a com- 
plete thermistor bolometer assembly 
prior to evacuation and sealing. Source: 
Linde Company, Division of Union Car- 
bide Corporation. 
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thermally sensitive resistor made of 
heat-sensitive electrical semiconductors. 
Here two flakes of thermistor material 
are mounted on a housing: one unit 
is blackened and attached to a sap- 
phire heat sink and the other is 
shielded to provide a compensating 
element. The difference in voltage re- 
sulting from the decreased resistance 
of the exposed, active thermistor and 
the unvarying resistance of the shielded 
one is amplified to set up a useful 
signal for detection on a _ recording 
device. 

As a heat sink, synthetic sapphire 
provides high electrical resistance and 
high thermal conductivity. As a win- 


dow, it is used in detector applications 
requiring transmission of the visible 
spectrum with a cutoff of about 6 
microns in the infrared band. 

Synthetic sapphire retains its in- 
frared transmission characteristics 
above 500 C. No other transmission 
material known will continue to trans- 
mit portions of the infrared spectrum 
at or above this temperature. Other 
window materials fail because they are 
soft or easily attacked by moisture, 
acids and high temperatures. 

Since sapphire is readily sealed to 
metals and ceramics it can be made 
part of any electronic assembly. 

O00 


FHP Motors Redesigned to 
Cut Installation, Maintenance Costs 


TO AN ORIGINAL EQUIPMENT MANUFAC- 
TURER the time required to build a com- 
ponent into his equipment can be fully 
as important as the cost of the com- 
ponent. Saving installation time, and 
also subsequent maintenance time, was 
a primary criterion faced by the design 


engineers of the General Electric Gen- 
eral Purpose Motor Dept., Ft. Wayne, 
Ind., in redesigning their Form G line 
of fractional horsepower motors. 

The basic motor design has been 
maintained. Attention has instead been 
focussed on making it easier to con- 


Fig. 1—Enlarged terminal box opening and slimmer terminal board make it easier to 
bring lead wires through from conduit opening. For faster connection of line leads, 
slip-on connectors (left) are provided as well as conventional screw-type terminals. 
Grounding lug (arrow) eliminates makeshift grounding when required. Winding 
leads (right) also use quick-connects to permit easy reversal of rotation. Internal 
connections are made with quick-connects; soldered connections are eliminated. 
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Fig. 2 


Dual-voltage motors have brass links that can be paralleled as at left for 


115-volt operation or shifted with a screwdriver to the horizontal position shown at 


right for 230-volt service. 


Fig. 3—Shafts are now given a special 
finish to resist corrosion and ease re- 
moval of fans, couplings, ete. New de- 
sign (above) and older one (below) 
were both subjected to the same salt 
spray. 


nect the line leads, reverse rotation, 
change-over dual-voltage motors and 
ground the motor where necessary. As 
a result of the refinements illustrated 
in Figs. 1 and 2, G.E. engineers esti- 
mate savings exceeding 50 per cent 
in installation and wiring time can be 
achieved over that of previous designs. 

Improved appearance, more legible 
nameplates and maintenance instruc- 
tions, greater corrosion resistance, re- 
duced noise, improved bonding and 
lamination alignment (as illustrated in 
Figs. 3-5) are additional features of 
the redesigned line. Nameplate data 
formerly stamped on aluminum are 
now stamped in an aluminum plate and 
paint-filled. Maintenance instructions 
also are now lithographed instead of 
stamped. 

The mounting rings now use six in- 
stead of three oil-resistant rubber 
spokes to hold the rotor stiffer radially 
while still maintaining torsional resili- 
ence. Also, the ribbing of the end 
shields was strengthened for greater 
rigidity. 600 
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Fig. 4—Start-stop “click” of centrifugal 
switch has been subdued by a composi- 
tion washer—desirable primarily for ulti- 
mate residential applications, such as 
furnace fans, where stops and starts are 
frequent. 


Fig. 5—Automatic stacking and better 
lamination alignment are achieved by 
notching outer perimeter and using 
swaged metal clamps instead of welding. 
New varnish treatment bonds _ stator 
core and coil into a unitized component. 


Heater for 
Temperature Extremes 


THREE-DIMENSIONAL hemispherical heater, 
14 in. diam, developed by Electro-Flex 
Heat, Inc., Hartford, Conn., remains flex- 
ible from —90 F to 450 F. The heater, 
used to warm a peroxide storage tank on 
a rocket engine, is made inexpensively 
from silicone rubber. The unit has cut- 
outs for brackets and an attached thermo- 
stat to sense the tank temperature. This 
heating element is placed in an insulated, 
flexible covering, and upon installation 
is collapsed to fit through a 12-in. space. 


OOO 


Check for Accuracy 


of Printed Circuit 
Transparencies 


Cc. J. TAYLOR 

Producibility Engineering 

Arr Arm DrvIsion 
WestincHouse Etectric Corp. 
Baltimore, Maryland 


THE MOIRE EFFECT* that is trouble- 
some to halftone work in the engrav- 
ing trade can be turned into a useful 
and accurate tool for checking printed 
circuit transparencies. An accurately 
calibrated grid used in layout work 
when making the black and white 
master drawing is the only- tool re- 
quired. 

A full-scale positive reproduction of 
the master grid plate on a stable high 
contrast film such as a Chronar-Mylar 
base film is placed in the camera copy 
board and allowed to protrude from 
under the master black and white 
drawing for several inches. When the 
reduced negative of the master draw- 
ing is developed, the grid will appear 
beside the circuit. 

In placing this reduced negative 
over a full scale negative of the master 
grid and revolving slowly, moire lines 
are displayed through the grid on the 
* The moire effect is somewhat similar to the cross- 


hatch pattern common in TV interference where 
diagonal lines appear on the screen. 
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Fig. 1—The reduced negative has been rotated about the reference point so that its 
reference grid line crosses the next grid line on the master negative at an inter- 
section. Negative is too short by 0.003 in 5 in. 


Reference point 





hw—2a 
~—a 


























grid line 


Base line 




















Fig. 2—The angle subtended when the negative is rotated has sides R and r (upper 


left). If reduction is imperfect, the dimension L will be changed by an amount AL 
(upper right). The length L of the moire line can be calculated from the formula 
L = 50(W + H), where W is the width of the master grid line and H is the width 
of the properly exposed negative grid line (bottom). 
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reduced negative as shown in Fig. 1. 
A number of calculations can be made 
from the proper use of these lines. 
Among the useful information that can 
be obtained is the accuracy of reduc- 
tion of the negative to within 0.001 in., 
extent of over- or under-exposure, and 
any distortion in the negative due to 
the camera lens or film processing. 

To make a typical setup for making 
measurements on the film, Fig. 1, the 
reduced negative grid is aligned with 
the grid of the master grid negative. 
A grid intersection is pin-pointed in 
one corner of the reduced negative and 
the reduced negative is rotated about 
this reference point until the reduced 
negative reference grid line crosses the 
next grid line on the master negative 
at a grid intersection such as point C. 
An angle 2a having sides R and r will 
have been subtended. (See Fig. 2.) 

If the distance r between grid inter- 
sections on the reduced negative is the 
same as the distance R between grid 
intersections on the master, the per- 
pendicular grid lines will cross at a 
distance L from the master reference 
grid line. For small angles, L ap- 
proaches X/2. This condition exists 
when the reduction is perfect. 


L X 
R R 


tan a 


L X 


tan a tan 2a 


> ty ¢ 

P ~ Lana 

tan 2a wesc 
|—tan’ a 


X a -tan’ a) 


2 tan a 


R 


# - X (a -tan® a) 


tan a 2 tan a 


XY (1—tan’ a) 


» 


(1) 


If the distance r is lengthened or 
shortened by an amount Ar, the dimen- 
sion L will change by an amount AL. 


sin 2a = ar 
AL 
Ar = AL sin2a 

For small angles of a the change in 
L is large compared to the change in r. 
In setting up this angle on a 0.100 in. 
master grid which is generally used in 
printed circuit work, it is convenient 
to let R equal 50 grid spaces and X 
equal one grid space. The angle 2a 
then is 1 deg, 8 min, 46 sec, and a = 


+ Machinery’s Handbook, 14th Edition, p 173. 
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0 deg. 34 min, 23 sec. Substituting this 
angle in Eq (1): 


XY (1—0.0001) 


> 


and in Eq (2): 
AL 
50 


Ar=ALsin2a 0.02 A 

\ visual measurement of AL from 
point A to point B (or from point C to 
point B minus X/2) in Fig. 2 can be 
easily estimated to +0.025 in. on a 
grid pattern of 0.100 in. This estimate 
will result in an error of 0.0005 in. 
maximum in r. This same assumption 
may be used to register the circuit 
negative to the master negative at the 
reference point. 

The error in a reduced negative can 
now be calculated to an accuracy of 
0.001 in. by using the formula 


+ eye AL ( isual) 
20 
Overexposure or underexposure of a 
negative may be determined by using 
the length of the moire line. A prop- 
erly exposed negative will have moire 
lines of a length calculated by the 
formula: 
50( 4 +H) 
where: 
9 length of the meire line 
i width of master 
line 
H width of properly exposed nega- 


negative grid 


tive grid line 


An overexposed negative will have 
underexposed 
lines. By 


narrow lines and an 
negative will have wide 
measuring the length of the actual 


moire line, obtaining the difference 


Fig. 3 
nonlinear pattern. 


between it and the calculated length 
and dividing by 50, the amount of 
improper appear in 
terms of thousands of an inch. 
Distortion in the camera lens or 
negative will cause the moire lines to 


exposure will 


Distortion in the camera lens or negative causes the moire lines to shift in a 


shift in a nonlinear pattern rather than 
a straight line. This is illustrated in 
Fig. 3. Calculations similar to those 
used to determine the amount of re- 
duction error can be made to determine 
the distortion. OOC 
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9G ° 
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Supporting bracket 


Taut Bands Replace 
Pivots in Meters 


IN A NEW LINE OF 


circular scale 
switchboard meters, a unique taut- 
band suspension system for the mov- 
ing element dispenses entirely with 
pivots and bearings and _ therefore 
eliminates rolling and sliding friction. 
This development makes it possible to 
build electrical measuring instruments 
that can withstand severe vibration 
and shock without having their ac- 
curacy impaired. 

The taut-band 
previously applied only to galvanomet- 
ers of the laboratory type, to some 
90-deg scale instruments built in Eu- 
rope, and to a few high-cost instru- 


principle has been 


Essentials of construction of new Westinghouse 


250-deg 


switchboard meter line in which 


0.0005 in. thick metal bands under tension sup- 
port the moving element, carry current to the 
coil, and supply restoring torque. 
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ments. The new instrument line is the 
first application to 250-deg instruments. 

With the taut-band suspension, the 
moving element is supported at each 
end by a short fine band of a high- 
strength alloy drawn to rectangular 
cross section. The taut bands also 
carry current to the moving coil and 
provide restoring torque, thus elim- 
inating the need for spiral springs. 
Sensitivity of an unusual degree is in- 
herent in the taut-band instruments; 
full scale 250-deg deflection can be ob- 
tained with currents as low as 50 
microamperes. 

Instruments in the new line meet 
or exceed requirements of ASA Spec. 
C39.1 for indicating instruments. In 
addition to the taut-band suspension, 
the instruments incorporate a new 
magnetic circuit that makes them 
practically impervious to stray mag- 
netic fields. When subjected to a field 
of 300 gauss, instrument indication is 
affected by no more than 1 per cent. 
In the new line are d-c indicating 
meters including microammeters and 
millivoltmeters, frequency meters with 
transducers and rectifier a-c voltme- 
ters. O00 


Printed Resistor 
improves Motor 
Start Capacitor 


ASSEMBLY ECONOMY and higher reliabil- 
ity are achieved by printing bleeder re- 
sistors directly on the terminal boards 
of Aerovox a-c electrolytic motor starting 
capacitors as shown on left. Conventional 
pigtail-lead resistors had to be cut to fit 
the particular terminal spacing and then 
soldered as shown on the right. Breakage 
in shipment and handling is overcome 
by this new technique which provides 
resistances of 15,000 ohms (2 watts) on 
a 1-13/16-in. diam end cover, and 20,000 
ohms (4 watts) on a 2-1/16- or 2-9/16- 
in. diam cover. 
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Zinc Die-Casting 
for Light Weight 
and High Strength 


DESIGN OF A ONE PIECE ZINC die-cast 
bezel and screen mask for RCA Vic- 
tor’s “Flight Line” portable television 
receiver illustrates superiority of zinc 
to aluminum in thin wall castings. 

The original design called for die- 
cast aluminum, but the easier castabil- 
ity of zinc induced the designer to use 
the latter. It was shown that these parts 
cast in zinc could have such thin wall 
sections that the light weight of alu- 
minum could be matched. An _ even 
greater advantage of this casting is its 
greater strength and rigidity. 

Present-day television receiver design 
demands a strength and rigidity sufh- 
cient to permit the screen mask to be- 
come a structural part of the entire 
housing. The use of a high-strength 
zinc alloy die-casting for the bezel ef- 
fects further economies in cost and 
weight. This is accomplished by per- 
mitting the use of thinner gage steel 
in the cabinet and by eliminating the 
need for strengthening the frames. 


Portable television receiver one-piece 
bezel and screen mask die-cast from zinc 


Open Encapsulated- 
Stator Motor 


Replaces Totally 
Enclosed Type 


Epoxy  RESIN-ENCAPSULATED _ stators 
make it possible to design open motors 
for severe application areas previously 
reserved for totally enclosed motors, 
according to Allis-Chalmers Manufac- 
turing Company. The so-called “en- 
capsulated motor” complements the 
company’s previously-announced homo- 
geneous silicone rubber insulation sys- 
tem. Figure 1 shows an open type 


Fig. 1 


showing 


Cutaway view of 
epoxy-encapsulated 
veloped by Allis-Chalmers. 


motor 
stator de- 


open 


motor with an epoxy-cast stator. Figure 
2 shows the motor operating under 
water. 

In the epoxy encapsulation process, 
the winding end turns are completely 
enclosed in a hard, protective resin 
case, impervious to moisture and re- 
sistant to attack by solvents, oils and 
the commonly encountered chemicals. 
Epoxy resin flow 
portions with the same _ protection. 


provides the slot 


This system is similar to conven- 
tional insulation systems in that con- 
ductor, phase and slot insulation are 
used. These components may be of 
Class 105 C (A), 130 C (B), or 180 C 
(H) materials. The epoxy now in use 
is suitable for Class 130 C use; the 
classification of the system, however, 


Fig. 2—Immersed open motor with en- 
capsulated stator in operation. Insula- 
tion resistance has been reduced only 
slightly after relatively long period of 
operation, but not to the point of break- 
down. 
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whether 105 C or 130 C, is determined 
by the basic insulation system. 

An open, encapsulated motor has 
been operating over a year driving an 
acid pump in a chemical plant. The 
motor has been subjected to acid 
fumes and dripping constantly, yet no 
detrimental effects have been noted. 
Another case involves the successful 
use of this construction on motors for 


an industrial washing machine for 


cleaning and degreasing small metal 
parts. Previously, because of moisture 


and humidity, only enclosed motors 
had been used. 
Important factor in 
motor design is_ initial 
economy. According to Allis-Chalmers, 
represent 


encapsulated 
construction 
although total enclosures 
today’s ultimate in motor protection, 


large TEFC ratings cost about 100 per 
cent more than equivalent basic open 
motors. Forced-ventilation types are 
initially less costly, but the expense of 
ductwork and ventilating equipment 
must be considered. Water-cooled types 
depend on a reliable source of cool 
water and cannot be used out of doors 
in freezing temperatures. 

Another advantage claimed for the 
encapsulated-stator open motor is min- 
imum maintenance. Epoxy-bonded sta- 
tors are so thoroughly sealed and in- 
tegrated that no maintenance other 
than blowing or washing off dirt de- 
posits should normally be expected. 

Allis-Chalmers expects to have the 
epoxy-encapsulated motor available in 
all integral-horsepower frame sizes in 
which random-wound coils are used. 

oOo © 





Space Savings by Altered Wire Construction 


ANDREW T. HAWTHORNE 
WEsTINGHOUSE ELeEcTrRIC CORPORATION 
Arr ARM Division 

Baltimore, Maryland 


DEMAND for 


packages 


THE EVER-INCREASING 
smaller 
more emphasis on part dimensions in 


electronic places 
order to meet the size requirements 
of the package. A 
problem of this type was solved at 
Westinghouse Air Arm _ Division by 
redesigning the wire shielding to con- 
serve space. 


overall recent 


The original version of the equip- 
ment was somewhat larger than that 
shown in the illustration, with the 
result that the wiring was neat and 
orderly. Requirements to reduce the 
size of the box approximately one- 
third were met by changing compo- 
nents and rearranging their physical 


location. No emphasis was placed on 
rearranged wiring until the prelimi- 
nary units were complete. The result- 
ant assembly is pictured on the left 
in the photo. As can be seen, accessi- 
bility is impaired. In addition, the 
wire bundles were large enough to 
present a problem in closing the box 
without injury to the cables. 

Initial investigation of the system, 
to determine whether shielding and 
jacketing were necessary, revealed 
that the circuitry of the box required 
complete shielding, and protection be- 
tween shields, to provide abrasion 
resistance. This meant the same wire 
construction would have to be retained. 
The problem was, then, to determine 
how and to what extent to cut down 
the diameter of each wire without 
impairing the function of the cables. 

Determination of the required re- 


Space savings illustrated by new wire construction at right, compared 


construction at left. 
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duction in the average wire diameter 

in each bundle was accomplished by 

employing the empirical formula: 
D'= 1.15dn 


where 

D = overall diam of wire bundle 

d = average diam of wire or wire bundle 
n = number of wires or wire bundles 


The calculations indicated that a re- 
duction of 10 to 12 mils per shielded, 
jacketed wire would reduce the bundle 
size sufficiently to provide easy closure 
of the package. 

The hook-up wire described con- 
forms to MIL-W-16878, Type EE, 
shielded and with lacquered nylon 
braid overall. Standard construction 
AWG 22 allows a maximum diameter 
of 0.106 in. and is composed of a 
0.030 in. conductor, 0.034 in. insulation, 
0.022 in. shield braid and 0.022 in. 
nylon braid and lacquer. The conductor 
size cannot be cut significantly except 
by using solid wire, which is un- 
acceptable from a standpoint of flex- 
ibility. Minimum insulation required 
per MIL-W-16878 is 0.026 in. (0.013 
in. per side), a factor which would 
require rigid control of the manufac- 
turing process and is not economical. 
The nylon braid can be cut down to 
approximately 0.018 in. overall with- 
out impairing its function mechan- 
ically. Rigid manufacturing control 
would be required to attain the full 
size reduction consistently. 

The shielded braid is a slightly dif- 
ferent matter in that the addition to 
the diameter consists of crossing two 
AWG 36 wires on each side of the 
primary with an allowance of 0.002 
in. for mechanical fit. Changing the 
braiding to a serving would eliminate 
two AWG 36 wire diameters or 0.010 
in. This, coupled with reduced lac- 
quered nylon braid thickness and the 
use of a nominal wall thickness of 
0.015 in. on the primary (0.013 in. to 
0.017 in. permitted), resulted in a 
maximum diameter of 0.092 in. The 
resultant size is practical from a man- 
ufacturing viewpoint. Results of the 
usage of such a wire are shown in the 
right hand view in the illustration. 

The wire was used after it was 
checked for electrical performance 
within the requirements of the system. 
It was found satisfactory, with some 
minor adjustments, to allow for the 
change in capacitance accompanying 
the change in method of applying the 
shielding. Original measurements on 
regular shielded hook-up wire (AWG 
22) gave a capacitance of 44-47 pyf 
per ft while the new wire measured 
55-58 wyf per ft, an increase of ap- 
proximately 25 per cent. This change 
is due to the average plane of the 
capacitor (shielding) being approxi- 
mately 0.005 in. closer to the con- 
ductor. Oooo 
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Ultra-Thin 
Ceramic Parts for 
Electronic Components 


CERAMIC PARTS AS THIN AS 0.005 in. 
have been developed by the American 
Lava Corporation, Chattanooga, Ten- 
nessee, for components in electronic 
systems. This represents a reduction of 
about 45 per cent over previously re- 
corded thin sections. The material used 
is “AlSiMag” alumina. This is a vitri- 
fied, vacuum-tight ceramic able to 
withstand high temperatures and fre- 
quencies. 

In electron tube applications these 
ceramics will withstand high degassing 
temperatures, extend the operating 
temperature of the tube, reduce heat 
deterioration and fatigue failure, and 
eliminate emission losses caused by 
high temperatures, shock and vibration. 

These semi-transparent alumina ce- 
ramics are now in use as microwave 
windows, transistor platforms and as 
insulators for hearing aids. The mate- 
rial is also being applied in digital 
counter tubes, high temperature relays. 
transformers and fuses. There is a 
marked indication that it will find wide 
application in high temperature printed 
circuits. O00 


New submerged-are welding machine produced by The Lincoln Electric Co., Cleve- 
land, Ohio, offers automatic wire feed, flux flow and controlled-speed drive of the gun. 


Mechanized Gun 
Traverse in New Welder 


AUTOMATIC WIRE FEED, flux flow and 
gun travel in a new welder permit 
the operator’s attention to be concen- 


Typical ultrathin alumina ceramics for electron tubes. 
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trated on the manual guiding of the 
welding arc. This extends the advan- 
tages of the submerged-are process to 
many welding tasks for which it was 
previously not practical for reasons of 
economics or operating difficulties. The 
unit feeds a continuous wire electrode 
from a coil to a compact gun that is 
held against the joint along which it 
is propelled at a preset speed by a 
small motor. A low-pressure air sys- 
tem flows flux from a large tank to 
the gun from which it drops to com- 
pletely cover the arc at all times yet 
does not obscure the view of the seam 
by flowing ahead of the arc. 

The advantages of the machine stem 
from the mechanization and control 
of all welding variables except guid- 
ing, which is manual. The gun travel 
is produced by a small d-c motor 
mounted on the nozzle end of the 
welding gun, the motor driving a 
knurled steel wheel that propels the 
gun along the work at any speed up 
tc 70 in. per min. The speed control 
dial and reversing switch are mounted 
on the motor case. A magnetic am- 
plifier control circuit keeps the motor 
speed constant, regardless of load or 
pressure on the drive wheel, and the 
traversing motor stops automatically 
as welding current is turned off by a 
switch in the handle. 

The automatic flux feed system uses 
low pressure air and applies the prin- 
ciple of fluidizing the granular flux 
rather than blowing it. During weld- 
ing, the flux drops by gravity from 
the gun reservoir to the work. 

The new welder operates from any 
variable voltage, motor-generator or 
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REGULATIO 
and STABILI 


+. VOLTAGE REGULATED 
POWER SUPPLIES 





OUTPUT | OUTPUT | OUTPUT SIZE 
MODEL VOLTS |AMPERES|IMPEDANCE 
oc- ‘ 


1KC 
oc oc 1KC 100KC 4 





SC-18-0.5 0-18 0-0.5|.04 | 4 4%2" 





SC-18-1 0-18 0-1 |.02] 2 4%," 





0-18 0-2 |.01] .1 4%," 





0-18 0-4 |.005] . 342" 





0-36 08 |. 4%)" 





SC- 36-1 0-36 | O-1 |.04] 4 4%," 





SC- 36-2 0-36 02] . 342" 





$C-3672-0.5| 36-72 15 | 1. 4%," 





$C-3672-1 | 36-72 08 | . 342” 























Patent Pending 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


REGULATION: 0.1% for line changes 105-125 volts 
at any output voltage in the range minimum to maxi- 
mum. 


0.1% or 0.003 voit for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum. 


RIPPLE: 1 mv. RMS. 
RECOVERY TIME: 50 microseconds. 


STABILITY: (for 8 hours) 0.1% or 0.003 volt (which- 
ever is greater). 


AMBIENT OPERATING TEMPERATURE: 50°C maximum. 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit. 


TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C 


SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. ideal for lighting 
lamps and charging capacitive loads. 


OVER-CURRENT CONTROL: Can be set from 0 to 
120% of full load. Current is limited to preset value 
for any load including short circuit. 


KEPCO 


*Two units mounted in 
Rack Adapter RA-2 


Model SC-18-4-M 


@ REMOTE PROGRAMMING at 1000 ohms per volt is 
provided. Remote programming allows mounting a 
voltage control at a remote point. 


REMOTE ERROR SIGNAL SENSING is provided to 
maintain stated regulation directly at load. 


CONSTANT CURRENT OPERATION: These units can 
be set up for constant current operation without in- 
ternal modification. 


POWER REQUIREMENTS: 105-125 volts, 50-65 cycles. 
400 cycle units available. 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC term: 
nals, the remote programming terminals and the re- 
mote error signal sensing terminals are brought out 
at the rear of the unit. 


CONTROLS: Power-on-off switch, one turn voltage con- 
trol, on front panel. Over-current control on rear of 
unit. Ten turn voltage control available on special 
order. 


Continuously Variable Output Voltage. No voltage 
switching. 

Suitable for square wave pulsed loading. 

Either positive or negative can be grounded. 
Units can be series connected. 

High efficiency @ Low heat dissipation. 
Compact, light weltht @ For bench or rack use. 
Color: Gray hammertone. (Special finishes available) 


ORDERING INFORMATION: 

Units without meters use model numbers indicated in 

table. To include meters add M to the Model No. (e.g. 
SC-18-1-M). 

*Rack adapter for mounting any two 8%” x 4%” units is 
available. Model No. RA2 is 5%” high 19” wide. 
*Rack adapter for mounting any one 8%” x 4%,” unit is 
available. Model No. RA3 is 5%” high 19” wide. 


AN 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 


LABORATORIES, INC. 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 
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rectifier power supply with a 400-600 
amp d-c capacity; a separate 115 
volt a-c source is required for the 


control circuits. O00 


High-Torque 
Induction Motors 
for Engine Starting 


THE NEED FOR Low-cost, long-life start- 
ing equipment for gasoline engines 
used in stationary and semi-stationary 
service has stimulated the development 
and application of the induction motor 
for the purpose. Initiated by the inter- 
est of lawnmower engine manufactur- 
ers. a series of developments resulted 
in matching the high locked-rotor tor- 
que of the relatively low-speed capac- 
itor-start induction motor to the start- 
ing effort required by the engines. The 
motor is attached directly to the crank- 
shaft of the engine, employing an un- 
used space under the deck of the lawn 
mower, Fig. # 

The basis of the 
start gasoline engines is to have the 
motor deliver its initial torque for only 
the first few seconds required to start 
an engine, then disconnecting the start- 
er electrically by switch, relay or 


application to 











Current, amp 











Fig. 2—Speed-torque data for starter 
motor rated at 450 oz-ft torque at 115 


volts. 


timer. This permits the use of unusual- 
ly high flux densities in the motor core 
to deliver maximum locked rotor torque 
to overcome initial compression and 
frictional engine losses. Once the mo- 
tor has started the engine, it may be 
left to idle on the crankshaft or 
through belt connection without being 
disengaged. The aluminum die-cast ro- 
tor is not subject to damage by reason- 
able speeds exceeding normal motor 
operating speeds. 

Low weight and compact size for a 
given torque output in addition to free- 
dom from brushes and need for adjust- 
ments resulted from the adoption of 
the induction motor for engine starting 
applications. In a typical lawn mower 
18 oz-ft torque 
per pound of motor weight, and 5 
oz-ft per amp at 115 volts a-c are de- 
livered. In the NEMA 48 Frame (5% 
in. diam) locked-rotor torques of over 


starter, approximately 


Fig. 1—Rapid electric starting of power lawn mowers with complete control from the 
handle is made possible with engines manufactured by the Clinton Machine Co. of 
Maquoketa, Iowa. The high-torque induction motor, developed by the General Elec- 
tric Co., is applied directly to the engine shaft. The spring-loaded starting switch can 


be located on the mower handle. 
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250 oz-ft are available; in the NEMA 
56 Frame (61% in. diam) locked-rotor 
torques of over 600 oz-ft can be ob- 
tained. Typical speed-torque curves for 
a starter motor are shown in Fig. 2. 
This a-c starter principle may be 
used to start any internal-combustion 
engine wherever 60 cycle power is 
available. In the lawn mower applica- 
tion, one end of an extension cord is 
inserted into a spring-loaded starting 
switch socket, Fig. 1. The switch auto- 
matically shuts off the motor after the 
engine start has been accomplished. 
000 


Proximity Coils 
Detect Broken Drills 


MICHAEL ZAJAC 

Vice President, Engineering 
Bunr MAcnuine Toot Company 
Ann Arbor, Michigan 


AUTOMATIC DEEP HOLE DRILLING with 
twist drills is not a routine procedure. 
But when an automotive parts manu- 
facturer requested a special machine 
for drilling oil passageway holes—734 
in. deep—in steering gear housings, he 
specified low tool cost per piece as the 
most important consideration. Runs 
would be long enough to absorb rea- 
sonable machine cost, but expendable- 
tool costs could be excessive. 

Twist drills were selected because 
they were stock items and inexpensive. 
The two primary design problems were 
(1) minimizing the possibility of drill 
breakage and (2) providing immediate 
and automatic shutdown in case of drill 
breakage. 

Machine Cycle. To minimize drill 
breakage, the holes—normally 14 in. 
diam—are developed in five separate 
passes by drills of successively smaller 
cutting diameters. This method is pos- 
sible because the hole diameter is not 
critical. Each drill in turn extends the 
hole depth a certain amount at a small- 
er diameter. This prevents chip packing 
and the drill breakage that could re- 
sult. It also prevents excessive rubbing 
of the drill in the hole, which could 
cause breakage. 

The machine is designed as an engi- 
neered assembly of standard units, 
Fig. 1. Five hydraulically-fed heads are 
located around a six-station dial index 
table. The table carries six fixtures, 
each of which holds two parts. Each 
head has two high-speed spindles that 
hold and drive the twist drills, Fig. 2. 

To prevent lost time in the machine 
cycle, the depth of hole added by each 
drill has been computed so that the 
machining cycle is the same for each 
head. Ideal machining conditions are 
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SEQUENCE SELECTING 
CIRCUIT SELECTING 
M.A. S. 
COUNTING —— ADD AND 
mt SUBTRACT 
PROGRAMMING 
PULSE MULTIPLYING 


PULSE DIVIDING AS 
LATCHING SUBTRACT 


AUTOMATIC HOMING 

REMOTE HOMING 

AUTOMATIC RESETTING CONTINUOUS 
ROTATION 

SLAVE AND MASTER SETS 

CONTINUOUS ROTATION 


ADD AND SUBTRACT . Bee ‘ = 


qu 
P.Cc , — 


MULTIPLE LEVEL @ @ @ CONTINUOUS $-120 


ROTATION ——- RATCHET ‘STEPPER, 
aa. ft STEPPER a» 
4 7 ' _ q 


INTERLOCK 
INTERLOCK 


The 


GUARDIAN GUAR DIAN e@ Steppers are the 


PROGRAMMER ultimate for integrated control of your product. They take 
over and handle perfectly any and every job of stepper 
The standard steppers shown to the ‘ f : 
sight chavs are deathabia ener Gb geet control, save space, abolish excess circuitry and sharply 
nearby franchised Guardian distributor depress your costs. Guardian is ready to draw on 
located in principal areas of the more than twenty-six years of stepper design and 
United gett poe adionee ems application experience to recommend and supply the 
On/Off Relay and Programmer. correct stepper to meet your exact requirement. If it’s a 
Ratchet, Interlock, Snap-Action On/Off Relay, a standard 
relay or special control, Guardian makes it, too! 


We Invite Your Inquiry. 


GUARDIAN W ELECTRIC 


MANUFACTURING COMPAN Y 
1627-K W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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obtained for each drill and all drills 
are completely withdrawn at the same 
instant so the index table can be in- 
dexed without delay. Heads advance 
rapidly, automatically slow down to 
feed rate and automatically retract at 
the rapid rate; each head moves a 
preset distance at a preset rate. 
Broken Drill Detection. Although the 
basic machine design and the process 
have been developed to minimize drill 
breakage, drill checks have been added 
to prevent possible damage to the ma- 
chine and the _ work-pieces. These 
checks are proximity units mounted 
over the drills, Fig. 3, so the drill points 
are directly under the pick-ups when 
the drills are fully withdrawn. The full 
length of the drill passes under the 
monitor twice during each head cycle. 
When all the drills are intact, the 
machine can be run in any cycle. If a 
drill is broken, the machine stops auto- 
matically before the next infeed and a 
red light glows on the console to indi- 
cate where the broken drill is located. 
The machine then cannot be run in 


Fig. 1 


Fig. 2—Drills in Station No. 2 are the shortest used, but even 
these have a total length of 9% in. with a cutting diameter of 
only 0.290 in. Proximity pick-ups are visible just over the 
rear support bushings. 


Drill partially extended 


Drill quide bushing 
7 








bushing 





Drill retracted 


Fig. 3—Proximity pick-ups are mounted over drills between 
the guide and support bushings. Support bushings prevent drills 
from whipping and breaking when they are retracted. The 
proximity probes and amplifier units are manufactured by 
Electro Products Laboratories, Inc., Chicago. 
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Proximity switches over each of the 10 drills in this Buhr Economatic con- 
stantly “sense” the presence of drill metal. Should one of the drills break, a light 
identifies it on the console and the machine is shut down. Five separate passes are 
made with five different drills having different diameters and lengths to develop one 
oil hole 734 in. deep and 4 in. nominal diameter. 
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Fig. 4—Drill-check control circuits are simple. Preximity 
pick-up heads and amplifiers are mounted on the machine 
heads they monitor. Glow lamps are mounted on the console, 
which can be seen from the load-unload position. If any drill 
check senses a broken drill, the entire machine is shut down. 
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From sensitive laboratory use to rugged locomotive 
application, Adlake relays have proved their depend- 
ability and versatility. Here’s why: 


@ Perfect snap action—no pitting, burning or sticking 


@ Hermetically sealed at the factory—no intrusion of dust, 
dirt or moisture 


@ Fixed, tamper-proof time delay characteristics 
@ Quiet, chatterless operation. No maintenance whatever. 


Our engineers will gladly help you solve your control 
problems—no obligation. Just write The Adams & 
Westlake Company, 1168 N. Michigan, Elkhart, Indi- 
ana... New York...Chicago 


the Adams & Westlake Company bake 


New york ELKHART, INDIANA cuicaso ——— 
Established 1857 
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either automatic cycle or from the 
main pushbutton station. A_ selector 
switch at the drill unit will by-pass the 
two drill checks on that head to allow 
it to be run during setup and mainte- 
nance periods. 

The proximity relay circuits are 
shown in Fig. 4. When the machine is 
started, a timer relay is energized. 
This timed period allows the proximity- 
control units to warm up. When the 
relay times out and all drills are intact, 
the machine can be operated. 

If a drill is broken (or breaks during 
use), the relay of the control unit for 
that drill is de-energized. The amplified 
signal also opens a control relay in the 
index and head-advance circuits so the 
machine will stop. Resetting of the 
proximity control is accomplished sim- 
ply by replacing the broken drill. 

OoO0°0 


Novel Receiving Tube 
Envelope Design 


A NEW TYPE OF ENVELOPE, called* the 
“match box” design, applicable to a 
complete line of receiving tubes and 
using the same electrode structure as 
conventionally designed receiving tubes 
has been developed by the Westing- 
house Electric Corp. Electronic Tube 
Division, Elmira, N. Y. 

Reliability improvements beyond 
that possible with conventional tubes 
are realized by the structure shown in 
the photograph because the tube stem 
is eliminated and all lead welds to the 
mount structure are in one plane which 
makes the welds more accessible and 
subject to better control. 

The new envelope shape permits 
greater flexibility for the tube designer 
and equipment designer. Because the 
mount structure is locked within the 
envelope, microphonism and _ vibration 
and shock resistance are greatly im- 
proved. The “match box” tube also 
lends itself to recessing or strapping 
onto the printed circuit board. If desir- 
able, the straps can serve as an effec- 
tive heat sink. 

Mechanized feeding to printed cir- 
cuit boards is possible because of the 
rectangular shape. If high-temperature 
envelope material is used, the size of 
the new tubes can be reduced. The 
match box tube improves the form 
factor of subassemblies (modules) and 
reduces the space required. Since the 
tube socket can be eliminated, noise 
and circuit capacitance is reduced. 


OO oO 








Expander ‘‘Rounds’’ 
Large Generator Frames 





LARGE GENERATOR FRAMES are conventionally coiled and welded from a flat stock 
roughly 20 per cent thicker than final size to allow for subsequent machining to 
eliminate out-of-roundness. To save both metal and machining time, a generator 
manufacturer is installing this 1580-ton hydraulically-powered expander, largest 
ever built by the Grotnes Machine Works, Chicago. For one particular frame size 
(final size: 60 in. OD, 26 in. high, 2 in. thick, weight 3000 lb) this means a }4-in. 
reduction in original stock thickness and a saving of over 1 hr in machining time 
per piece. Expanding the frame about 1 in. achieves a roundness within +0.001 in. 
and only a finish cut is required. As shown in sketch, a cone-shaped drawbar powered 
by a 40-hp hydraulic drive forces twelve die jaws outward radially to expand the 
frame. Yield strength of the material is roughly 40,000 psi. Note the use of an elec- 
tric drill (top) to advance the drawbar under manual control during setup. 
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*AND VARIATIONS OF 


VERSATILITY ... cs.:csi 


are prime reasons why designers have made 
the MH a P&B best seller. This relay series, 
for example, does yeoman duty in such diverse 
applications as jet aircraft, street lighting 
equipment, computers and missile ground 
controls. 

; When multiple switching is required...when 
size, weight, long life and reliability are critical 
...our MH relay can usually fill the bill. It’s 
RIGHT for countless jobs, often at countable 

. savings. 





Let us send you complete information about ,mi-_- 


this miniature telephone-type relay and the 
variations we’ve evolved for special applica- 
tions. Write or call today. 


MC FOR RF SWITCHING 





THIS BASIC STRUCTURE SHOWN BELOW 


5 —_/neounes 0 
~ CLEARANCE HOLE 


ai FOR OC 
2 4 RELAYS 


FoR ac 


- + RELAYS 


MA LATCHING 


HERE'S WHY 


30 MANY 
ENGINEERS 


aahial 
P&B’s 
MH RELAY 


Insulation: Laminated phenolic. 

Insulation Resistance: 100 meg- 
ohms minimum. 

Breakdown Voltage: 500 volts 
RMS between all elements. 

Shock: Up to 30g. 

Vibration: Up to 10g from 55 to 
500 cps.; .065” max. excur- 
sions from 10 to 55 cps. 

Ambient Temperature: — 45°C. 
to +85°C. —(65°C. to 
+125°C. on special order). 

Weight: 2'/ oz. max. (open relay) 

Pull-in: Approx. 75% of nominal 
voltage. 

Pull-in Speed: Approx. 15 ms. 

Drop-Out Speed: Approx. 10 ms. 

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP #78). 





MB CONTACTOR 


ENGINEERING DATA/MH RELAY 


Shown with printed 
circuit terminals 


CONTACTS: 

Arrangements: Up to 9 springs 
per stack. 

Material: Ye" silver; also Palla- 
dium or gold alloy. 

Load: Dry circuits to 5 amps 
@115V AC resistive. 

COILS: 

Resistance: 22,000 ohms max. 

Power: 100 milliwatts per mov- 
able minimum to 4 watts at 
25°C. max. (200 mw. min. to 
meet max. shock/vibration 
spec.) 

Duty: DC: Continuous. AC: Inter- 
mittent (2 pole relay max.) 

Voltages: DC: Up to 110 volts. 
AC: Up to 230 v. 60 cycles. 

Current: 2.5 ma to 10 amps DC. 


P&B STANDARD RELAYS AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 
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Electrical latch; mechanical reset. Small, 
versatile and offered with selection of 
contact arrangements. 


For RF switching where intercontact 
capacitance losses must be minimized. 
Ceramic contact spacers. 


Contacts rated 60 amp. 28 volts DC 
non-inductive. Will carry 150 omp. surge 
for a duration of 0.3 seconds. 


Features sealed coil to minimize contact 
contamination. Available os hermetically 
seoled relay only. e 


POUUIER & BRUMGEFITELD TING. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 











FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 
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Components 
and Materials 


A staff compilation of the latest developments 


. . screened for 


design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 





NUCLEAR BATTERY 


Model K nuclear battery uses krypton- 
85, a low cost radioisotope that diffuses 
guickly upon contact with air and is 
much safer than strontium-90 models. 
As in the case of the latter, beta 
particles emitted by the isotope pene- 
trate a_ glass envelope that contains 
the krypton gas and collect on the 
metal case which serves as the outer 
electrode. Battery is small (1% x “se 
in.), lightweight (22 grams), and 
has an operating and shelf life of about 
10 years. Has a current rating of 10 


to 1000 pp amp (about 5 times the 
current rating of strontium-90__bat- 
teries), an open circuit potential of 
several thousand volts, and a linear 
charging rate to several hundred volts. 
It can also be made in larger sizes 
with current ratings from 10° to 107 
amp. The battery can withstand ex- 
treme storage and operating tempera- 
tures. Patterson, Moos Div., Universal 
Winding Co., Inc., 90-28 Van Wyck 
Expressway, Jamaica 19, N. Y. ->501 


SOLVENT FOR CURED 
EPOXY AND POLYESTER 
COMPOUNDS 


Isostrip 701 is a fast-acting stripping 
solvent for the recovery of valuable 
parts coated, cast or molded in epoxy 
or polyester compounds. Solvent is 
non-flammable, but should be used in 
a well-ventilated area; continuous 
breathing of the vapors or direct con- 
tact with the skin should be avoided. 

Use of stripper is simple: place the 
part which is to be treated in a metal 
can; cover the part with Isostrip 701; 
put the lid on the can in a _ loose 
fashion. The cured epoxy or polyester 
material will flake off in from 1 to 
24 hr, depending on the amount and 


the thickness of the resin to be dis- 
solved. Isochem Resins Corp., 221 Oak 


St., Providence, Rhode Island. ->502 


MINIATURE ELECTRIC 
MOTOR 

Miniature high-efficiency electric mo- 
tor, No. DCM2, features extreme 
quietness. This silent operation is 
achieved by means of a three-segmented 
flat commutator, and mounting both 
ends ot the rotor shaft in combination 


journal and thrust bearings which in 
turn are embedded in soft rubber. The 
motor is housed in a plastic sound- 
absorbing case, measuring only 11 
diam x 34 in. high. Weight is 14 Z. 
Free running speed is 1200 rpm at 1.5 


® in. 
2 01 
volts d-c. 

Motor is suitable for tuning, record- 
ing. transmitting, musical and other 
sonic devices. Photo shows motor 
driving a music box mechanism. Moen 
Trading Co., 7 W. 24th St., New York 
10; i. x. > 503 


DIODES FOR MILLI-MICROSEC 
SWITCHING 

Switching time of 0.9 milli-microsec 
has been achieved by a new S570G 
germanium diode, believed to be the 
world’s fastest, making it suitable for 
use in extremely high speed transis- 
torized computer circuitry. New manu- 


facturing techniques have resulted in 
a stored charge (after a 10 ma forward 
current) smaller than that of a 3yupf 
capacitor at 6 volts. Another extremely 
fast diode, the S555G, is specified at 
6 milli-microsec and offers better d-c 
characteristics. Intended for critical 
computer applications at normal tran- 
sistor bias levels. Transitron Electronic 
Corp., 168-182 Albion St., Wakefield, 
Mass. >504 


(Continued on page 138) 
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A Wide Range of Ratings... Choice of Mounting 
High Efficiency... Low Cost... Prompt Delivery 


"NM arzian SILICON RECTIFIERS 
Offer These Advantages — and Many More! 





J 
SERIES 


L SERIES 
Se) a 


HIGH CURRENT 
SERIES 


TUBE 
REPLACEMENT 
SERIES 
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SPECIFICATIONS 
D. C. Current 

Range .. 1.5A(J-1)—10A(J-2) 
Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces) 


SPECIFICATIONS 


D. C. Current 
1.5A(L)—S5A(LF) 

Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces) 


SPECIFICATIONS 


D. C. Current 
20A to 200A 

Peak Inverse 

Voltage Range 50V to 400V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces). . 1.3 oz. to 7.0 oz. 


SPECIFICATIONS 


D. C. Current 
Range. . .25A(HW)—.75A(FW) 
Peak Inverse 
Voltage Range 1600V to 4500V 
Approx. Rectifier 
Voltage Drop 8V to 10V 
Approx. Weight 
(Ounces) 


4 oz. to 8 oz. 


LOW CURRENT 
SERIES 


send 


TY 


K SERIES 
M SERIES 


few d 


— th =< 


HERMETICALLY 
SEALED SERIES 


“a 
hod 


(af. 


‘a’ 


SM 
SERIES 


Write, wire or phone for complete information 


SARKES TARZIAN, INC., RECTIFIER DIV., Dept. M4, 415 N. College, Bloomington, Ind. 


In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 ®@ Export: Ad Auriema, Inc., New York City 
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SPECIFICATIONS 
D. C. Current 

Range ..... .15A(M)—.2A(K) 
Peak Inverse 

Voltage Range 
Approx. Rectifier 

Voltage Drop 


Approx. Weight 
eee : 


SPECIFICATIONS 
D. C. Current 
Range ..... 5A(M)—.75A(K) 


Peak Inverse 
Voltage Range 100V to 600V 


Approx. Rectifier 
Voltage Drop 


Approx. Weight 
i ; 


SPECIFICATIONS 
D. C. Current 
.5A to 15A 


Peak Inverse 
Voltage Range . . 50V to 600V 


Approx. Rectifier 
Voltage Drop 


Approx. Weight 
(Ounces).. .15 oz. to 1.5 oz. 


SPECIFICATIONS 
D. C. Current 
.325A to .45A 


Peak Inverse 

Voltage Range 800V to 2800V 
Approx. Rectifier 

Voltage Drop .... 2V to 15V 
Approx. Weight 

(Ounces) .... .30z. to .9 oz. 
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It’s the 
‘EXTRAS 


that make a 
GOOD tube 


HIGH-SENSITIVITY 
VHF/UHF TWIN TETRODE 


with these Armmperex EXTRAS: 
e maximum ratings to 250 Mc 
e reduced ratings to 500 Mc 
e 40 watts anode dissipation 
e powdered glass base and top 
for greater mechanical strength 
e internal neutralization 
e typical VHF/UHF life over 5 years 


TYPICAL RF OPERATION, CLASS C, PUSH-PULL 
ccs ccs ICAS 
DC Plate Voltage 750 600 
DC Grid No.2 Voltage 250 250 
DC Grid No.1 Voltage -—80 —80 —80 volts 
DC Plate Current 2x80 2x100 2x90 ma 
DC Grid No. 2 Current 17 16 14 ma 
DC Grid No. 1 Current 
(approx.) 2x1.5 2x2.5 2x1.7 ma 
Driving Power (approx.) 4 3 6 watts 
Power Output (approx.) 85 90 96 watts 
Frequency 250 200 250 Mc 


750 volts 
250 volts 


Other Amperex replacement favorites: 
6146 High-sensitivity beam power tube 
6360 High-sensitivity VHF/UHF twin 

tetrode; 14 W anode dissipation 
6939 Miniature UHF twin tetrode; 

5 W anode dissipation 
866AX Mercury vapor rectifier 


HE “3 ask your distributor 
C (04 ox acsorks mal about extra-quality 
ett? <> MBmperex 
ell replacement tubes 
Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. I., N. Y. 
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CAPACITORS FOR PRINTED 
WIRING BOARDS 


A novel system of multiple coating of 
disk ceramic capacitors leaves the lead 
wires clean and permits the capacitor 
to be seated snugly on a printed wir- 
ing board. 

Since the final coating is always a 


minimum of %2 in. above the bottom 
tangent line of the disk of these Snug- 
mount Cera-mite capacitors, they can 
be used on two-sided or plated-through 
boards. At the same time, this tech- 
nique avoids lead breakage under 
severe mechanical vibration. 
Capacitors do not have any exposed 
electrode or ceramic, thus preventing 
long-term degradation of the surface 
insulation resistance. Capaciturs rated 
to 1000 volts are available in this 
type of encapsulation only in the five 
most popular disk sizes. Sprague Elec- 
tric Co., North Adams, Mass. ->505 


HIGH FLEX-RESISTANT 
HOOK-UP WIRE 


Complete line of hook-up wire is made 
available with chrome copper alloy 
conductors to provide high resistance 
to vibration and to flexing fatigue. 
Conductor can be supplied to meet 
MIL-W-16878C requirements. 
Superiority to silver-plated annealed 
copper and to stainless steel reinforced 
conductors is claimed. Tensolite In- 
sulated Wire Co., Inc., 198 West Main 
St., Tarrytown, N. Y. >506 


ELECTROHYDRAULIC 
SERVO VALVE 


Series 16 dynamic pressure feedback 
(DPF) valve facilitates damping of 
high inertia resonant loads in hydrau- 
lic servomechanisms. The Moog DPF 
valve feeds back cylinder differential 
pressure internally through a  fre- 
quency-sensitive hydraulic network, 
providing controlled dynamic pressure- 


which introduce 
effective damping. Sensitivity of flow 
to load pressure can be tailored to 


flow characteristics 


provide optimum damping for a par- 
ticular load. 

Modified pressure-flow characteris- 
tics are obtained only in the frequency 
where they are required for 
improved stability. At low frequencies, 
region where they are required for 
improved stability. At low frequencies, 
tically high system stiffness. Wide 
variations in gain and effective time 
constant of the pressure feedback are 
possible. Moog Valve Co. Inc., Proner 
Airport, East Aurora, N. Y. 507 


region 


PRODUCTION LINE 
TERMINALS 


Production-line —_ pres-SURE-terminals 
are fully approved by Underwriters’ 
Laboratories and Canadian Standards 
Assn. for use on both stranded and 
solid wire and are available in three 
sizes—for wire sizes 22 through 16, 
16 through 14 and 12 through 10. 


No. D241 


pres-SURE-tool pres-SURE-dies 





One-piece copper terminals are hot 
electro-tin plated for maximum corro- 
sion resistance and feature small over- 
all size for use in restricted spaces, 
wide bell-mouths for easy wire inser- 
tion, specially serrated barrels for 
maximum joint efficiency, and open- 
end construction for easy visual inspec- 
tion. 

Terminals may be installed with 
C-241 hand pres-SURE-tool or with 
the D-241 pres-SURE-dies. Both hand 
tools and press dies feature terminal 
which positively position _ ter- 
minals and accommodate a wide range 
of tongue shapes and sizes. Buchanan 
Electrical Products Corp., 225 Route 
22, Hillside, N. J. ->508 


stops 


MODULAR TUBE BASE PLUGS 


Available in seven- and nine-pin minia- 
ture types with straight or bent pins, 
flat-sides or stepped, and knurled in- 
serts for side-screw applications, plugs 
are designed for simplicity and rugged 
construction. 

Both the seven- and nine-pin plugs 
are designed to fit inside the corre- 
sponding tube shields, thus making it 
practical to employ them with deep 
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“Armalon” offers superior armature insulation 
at lower cost in large Reliance D.C. motors 


Since switching to a slot wrapper of 
*“‘Armalon’’* TFE-fluorocarbon resin- 
coated glass fabric, Reliance Electric 
and Engineering Company gets better 
armature insulation and saves money, 


too. 

For use on their Class H insulated, 
normal-voltage, large D.C. motors, Re- 
liance finds ‘“‘Armalon’’ 
electrical properties and resistance to 
heat aging. ‘““Armalon’”’ 
wind easily—resist breakdown under 


offers superior 
-wrapped coils 
mechanical stress of winding and insert- 


ing coils. With ““Armalon’’, Reliance has 
never had a failure during high-poten- 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS ° 


REG. U. 5. Pat. OFF 


FOR BETTER LIVING... 


SEPTEMBER 1958 


THROUGH CHEMISTRY 


tial testing. In addition, ‘‘Armalon’’ has 
given Reliance a saving on the basis of 
material costs. 

Because ‘“‘Armalon’’ has helped im- 
prove quality and cut costs for this ap- 
plication, Reliance is studying its use 
for other motors in their line. 

Du Pont offers ‘“Armalon’’- coated 
glass fabrics in a variety of forms and 
thicknesses—full-width materials to 38”, 
tapes, and multiple-ply laminates in 
sheets or rolls—for a wide range of motor 
and generator insulation applications. 
All possess excellent electrical proper- 
ties— perform continuously at tempera- 


*“ARMALON” is Du Pont’s 
fabrics and laminates 


Name 


I am interested in using “Armalon’’ fabric for 


tures of 482°F. “‘Armalon’’ is highly re- 
sistant to abrasion, solvents, and cor- 
rosive chemicals and possesses excellent 
anti-stick properties. Flow under com- 
bined heat and pressure is extremely low. 


* * * 


For specific data on properties of 
*“‘Armalon’’ mail the coupon or write: 
E. I. du Pont de Nemours & Co. (Inc.), 
Fabrics Division, Dept. EM-89, Wil- 
mington 98, Delaware. “‘Armalon’’ is 
distributed to the electrical industry by 
Insulation Manufacturers Corporation, 
Chicago and Cleveland. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-89 
Fabrics Division, Wilmington 98, Delaware 


Please send me more information about “ Armalon” coated glass fabrics. 





Title 





Firm 





Address 





City 


Zone State 
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STROMBERG-CARLSON 


“BB Series 


For your automation 
...computing ... control 
circuit applications... 

“Telephone Quality” 

at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 


CRG 


STROMBERG - CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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drawn cans as modular plug-in units 
for use with tube sockets. Both types 

are available in wafer thin versions. 
Plug material is MFE phenolic or 
general purpose phenolic, pins are 
brass or phosphor bronze, cadmium 
plated. Electronic Techniques, Inc. 

13761 Saticoy St., Van Nuys, Calif. 
>509 


POWER RELAY 


Four-pole double-throw relay features 
self-wiping contacts which will con- 
tinuously handle 20 amp loads and up 
to four power control circuits at one 
time with a 
power. 


minimum of operating 


Relay can be wired for various com- 
binations of make and break operations, 
d-c applications only. Dimensions are 
2° in. long x 2%6 in. wide x 1% in. 
high. Hermetic sealed units are avail- 
able. Kurman Electric Co., 191 Newel 
St., Brooklyn 22, N. Y. >510 


PNEUMATIC PROXIMITY 
TRANSDUCER 


The Proxi-Tran is a completely self- 
contained pneumatic proximity trans- 
cucer capable of providing an electri- 
cal signal from the presence of a part 
near the pick-up nozzle. The power 
input is air at 70 to 120 psi, and the 


pneumatic output is fed to an integral 
pneumatic switch capable 
of handling an electrical signal of 
110/230 volts a-c at 15 amp or 110 
volts d-c at 5 amp. 

Units are available in a high signal 
pressure and a low signal pressure 
type, and each is available in five 
standard models arranged to provide 
a signal at 0.001, 0.002, 0.004, 0.008, 
and 0.016 in. between the part and the 
pick-up nozzle. The signal accuracy 
is guaranteed to +10 per cent of sig- 
nal distance. Jessup Engineering 
and Development Co., 4289 Glendale- 
Milford Rd., Cincinnati, Ohio. 511 


pressure 


MOUNTINGS FOR AIRBORNE 
ELECTRONIC APPLICATIONS 


A line of Temproof Mountings, includ- 
ing all-attitude and center flange de- 
signs, is available for use in protecting 
airborne electronic equipment against 
shock and vibration. Mountings have 
an operating temperature range of —80 
to +250 F, and are effective against 
vibration from 5 to 500 cps. Load 
capacities range from 0.25 to 90 lb per 
mounting. Designed to the _ require- 
ments of MIL-C-172, there are inde- 
pendent elements for load carrying, 
damping and snubbing. Load is carried 
by a cadmium-plated steel spring. 
Damping results from sliding friction 


between metallic inner member and 
nylon friction damper segments and is 
sufficient to limit magnification at 
resonance to approximately 3. 

For base-mounted equipment where 
loading is in the axial direction, stand- 
ard Temproof mountings are produced 
in four sizes: 0, 1, 2 and Console. 
Corresponding ratings are 0.25 to 5 
ib: 0.6 to 20 lb for Nos. 1 and 2, 50 to 
90 lb for the All-attitude 
Temproof mountings are produced in 


Console. 


two sizes, 0 and 1, with load capacities 
from 0.35 to 5 lb. Both sizes are avail- 
able in regular and inverted models. 
Center flange Temproof mountings fea- 
ture a_ through-center 
attaching the equipment. 
They are produced with load capacities 
from 4 to 13 lb. Lord Manufacturing 
Co., 1635 W. 12 St., Erie, Pa. 512 


member for 
supported 


ADHESIVE FOR 
SODIUM-ETCHED TEFLON 


Development of an adhesive capable of 
withstanding the elevated temperatures 
for which Teflon is suited overcomes 
the temperature barrier formerly placed 
on Teflon. Epoxylite #5403 provides 
bonds to Teflon stronger than the bond 
of the Teflon to the sodium-etched 
surface, even at 500 F. 

New adhesive can be spread directly 
on the sodium-etched Teflon with no 
further surface treatment required. Ad- 
hesive cures under contact pressure in 
four hours at 250 F, or in ¥% hour at 
450 F. A thorough solvent wash, or 
light sanding, usually provides satis- 
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Count on to show you why 


you can measure the difference in dollars 
when you use the right type for the job 





Which fasteners will serve best and 
save most in your assemblies? 
Many types of screws look much 
alike, but the difference between the 
right and wrong choice for your 
job can often make a big difference 
in assembly costs. 


Since Continental makes and 
supplies all types, their recommen- 
dations are unbiased. They can 

tell you if you should be using some 
“standard” you have overlooked. 
Or, if a “special” will save you most, 
you can rely on Continental’s 
specialized experience to design 
and produce it at the lowest 
possible cost. 


CHECK YOUR ASSEMBLIES 

Find out where Continental’s 
cost-saving ideas can cut your 
assembly costs. Talk to a 
Continental Assembly Specialist. 
For prompt service, write or phone: 
Continental Screw Co., 

455 Mt. Pleasant St., 

New Bedford, Mass. 


MEMBER 
SCREW RESEARCH ASSOCIATION 
—— 


==> 














... you can count on 7 


CONTINENTAL 56. 
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HOLTITE FASTENERS 


HOLTITE PHILLIPS AND SLOTTED HEAD 
WOOD * MACHINE + TAPPING * THREAD CUTTING * SEMS * NYLOK 
HY-PRO PHILLIPS INSERT BITS AND HOLDERS 
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with custom-made 


Circle F Wiring Harnesses 


A CIRCLE F wiring harness, made to your specifi- 
cations, saves costly assembly time and assures 
a complete wiring system that simplifies inven- 
tory and stock control. Your ‘‘custom-made”’ 
Circle F Wiring Harness provides you with a 
single unit wiring system that makes your 
product work better, cost less and sell faster. 
Now, you don’t have to order ‘‘parts’’ and 


““devices’”’ from various sources and assemble 
them. Circle F does it for you .. . to your own 
specifications . . . to meet your design require- 
ments on refrigerators, washing machines, stoves, 
etc. 

There is no question about quality or price. 
You get the finest precision Wiring Harness... 
engineered for you by Circle F. 


Got a wiring problem? Call on Bill Harris at Circle F. 
He'll be happy to consult with your engineering 
department and help you to design the wiring harness 


that will do the best job for you. 


Circle F Mfg. Co. 4 smn 


TRENTON 4, NEW JERSEY ELECTRIC 


PRODUCTS LTD 


For your wire requirements: Eastern Insulated Wire Corp. A Subsidiary %, $7 MONTREAL 9, 
Box 591, Trenton, N. J. at 
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factory surtace preparation for metal 
adherends if surfaces are not corroded. 

Sodium-etched Teflon lead wires may 
be sealed and bonded with new ma- 
terial to prevent gas and liquid leak- 
age through terminal connections. The 
two-container, epoxy-based adhesive is 
characterized by extreme handling con- 
venience. When mixed, #5403 provides 
a usable pot life in excess of 16 hr; 
if held under refrigeration, over 6 
months. Prior to mixing, pot life is 
indefinite. Epoxylite Corp., 10829 E. 
Central Ave., El Monte, Calif. 513 


APPLIANCE PUSHBUTTON 
SWITCH 

Designed primarily for electric ap- 
pliances or business machines, the 
Model 136 A pushbutton switch fea- 
tures quick connect terminals for easy 
assembly, with the multiplicity of the 
connections limited only by the prox- 
imity of adjacent terminals. Complete 
flexibility of control and immediate 


selectivity are possible. Switch comes 
equipped with any number of buttons 
up to 6 and any number of terminals 
up to 12. 

It is designed for use with air con- 
dishwashers, 
series, laundry equipment and all types 
ci multi-purpose housewares. Rated at 
17 amp for 120-140 volts a-c, with a 
life of 100,000 cycles based on pre- 
liminary sample runs, switch will 
carry a load of 14% hp at 120 volts, 
or 2 hp at 240 volts, with an indicated 
life of 20,000 cycles. Activation of any 
button can open or close any blade or 
combination of blades. Detent button 
pressure can be varied. Standard 
switch case is of molded black plastic, 
equipped with white urea _ buttons. 
Accessory Equipment Dept., General 
Electric Co., 1285 Boston Ave., Bridge- 


port 2, Conn. >514 


aitioners, ovens, rotis- 


MICRO-MINIATURE RELAY 


Hermetically sealed continuous duty 
Series 1005 relay, designed for low 
level circuitry, meets current require- 
ments for all military specifications. 
Contact arrangement is 2 pole, double 
throw (2 Form C). Contacts rated at 
3 amp, 125 C per MIL-R-25018, and 2 
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amp, 125 C per MIL-R-25018 and MIL- 
R-5757 C. 


Unit is completely 


gassed” prior to sealing in nickel-sil- | 
ver can which requires no protective | 
coating to meet environmental tests. | 
Compression glass headers with flat- | 
tened and fluted pins prevent turning. | 


Unit available also with solder hooks. 

Measures 0.844 in. long, 0.781 in. 
wide, 0.344 in. deep. Weight her- 
metically sealed is 0.35 oz. Altitude 
test is 80,000 ft. Guardian Electric 
Mfg. Co., 1621 W. Walnut St., Chicago 
1b ae | >515 


SKIVED TEFLON TAPES IN 
24-IN. WIDTHS 


Skive-cut TFE fluorocarbon (Teflon) 
available in 24-in. 
widths. Manufacturing process provides 
uniform appearance and density and 
close control over tolerance. 

Full line of these Chempac tapes can 
be furnished in maximum lengths from 
15 to 1400 ft in controlled thicknesses 
from 0.015 to 0.250 in. Exact length 
depends on thickness—the thinner the 
tape, the greater the length possible. 
Johns-Manville Corp., Box 14, New 
York 16, N. Y. >516 


tapes are now 


“STACK-LUG” PRESSURE 
TERMINALS 


Pressure terminals offer solution to 
overcrowded terminal boards. Known 
as “Stack-Lugs,” they feature offset 
barrel with a depressed-center ring 
tongue. This allows lugs to be nested 


together in pairs and the pairs to be 


“vacuum de- | 
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EXTRA 
VALUE 
FEATURES 


See the next 10 


pages for details 


rs 
cna 
GEmenat @ trectaic 


Buy Now for Extra Value 
GENERAL (94) ELECTRIC 





New Sendzimir Mill 
produces stainless steel sheets to extremely close 
tolerances in widths up to 48 inches 


This new Sendzimir mill, complete with annealing, 
pickling, skin pass and other equipment, was 
designed and engineered for the exclusive produc- 
tion of the highest quality stainless sheet and strip. 


Write for these Technical Data: 
1. Laboratory Corrosion Data. 


2. Data Sheets (please specify 
the grades in which you are 
interested). 


It is located at the Louisville, O., plant of J & L’s 
Stainless and Strip Division. For complete informa- 
tion on the Division’s flat rolled stainless products, 
write our Detroit sales office today. 


AL OiAIN §§ 


BAR * WIRE * SHEET ® STRIP | 





Jones & Laughlin Stee! Corporation + STAINLESS and STRIP DIVISION + Box 4606, Detroit 34 
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stacked vertically, doubling the number 
of terminations on each board. 

Barrel has beveled mouth for easy 
and which 
securely grip either stranded or solid 


wire insertion V-grooves 
wire. Terminals are copper with elec- 
tro-tin plating and with or without 
brazed barrels. They are applied with 
standard crimping tools. Panduit Cor- 
poration, Dept. EMC, 14461 Waverly 
Ave., Midlothian, III. >517 


FLAT MOTOR 


Type VS is a permanent magnet, ball- 
“46 in. by 2% in. 
The 


motor is designed to meet the require- 


bearing motor only “46 


wide by 1% in. long. compact 
ments of various MIL specs on humid- 


ity, salt spray, shock. vibration and 


only 1.7 oz, the 
motor can produce starting torques up 


fungus. Weighing 
to 1.0 in.-oz and can be used in inter- 
mittent or continuous duty applications 
as required. It can be furnished for 
2 to 50 volts d-c 
speed under specific conditions. Gear 


and provide desired 


reducers are integral with the motor 
as required. Globe Industries, Inc., 1784 
Stanley Ave.. Dayton 4, Ohio. >518 


TEN-BIT SHAFT CONVERTER 


A miniaturized, 10-bit analog-to-digital 
shaft converter incorporating high reso- 
lution in combination with positive am- 
biguity elimination has 
for computer control of machinery and 
other 


been evolved 


demanding 


The 


operations 
multi-positional 


precise 


10-bit 


reporting. 
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resolution yields up to 1024 position 
reports. 


Essentially a shaft converter of ana- | 
log signals to binary digital information, | 
the converter employs a unique com- | 
bination of bit tracks and transistorized | 


logic circuits to provide the 10-bit 
resolution and controls ambiguity by 
preventing transition of any of the 
nine most significant bits at any time 
other than with the least 
significant bit. Librascope, Inc., 40 E. 


Verdugo St., Burbank, Calif. >519 


coincident 


NEW POTTING COMPOUND 


Helix potting P-460 is a 
new 100 per cent epoxy resin compound 


compound 


offering extreme hardness and a wide 
temperature from 80 to 


+450 F. 


Poured cold, the compound cures in 


range 


about two hr at room temperature and 
offers than cent 
shrinkage. P-460 has good di-electric 
strength and a very low water absorp- 
tion factor, making it suitable for en- 
capsulating electrical components vul- 


less one per cure 


nerable to moisture and fungus. Carl 
H. Biggs Co., 2255 Barry Ave., 
Angeles 63, Calif. 


Los 


>520 | 


VOLTAGE-SENSITIVE 

CERAMIC CAPACITORS 

Units with.capacitance as low as 60 | 
puf for applications where 
minimum of 100 ppf was not 
enough. Capacitance may be decreased 


previous | 
low | 


as much as 60 per cent by applying 
d-c potential up to 200 volts. 

Types LVSR and LVSE are housed 
in steatite tube approx 7/32 in. diam 
and 9/16 in. long with 
# 26 leads. Being temperature 
sensitive, LVSR_ has 
sensitivity at room temperature, while 
type LVSE has voltage sensitivity at 
approx 70 C. Mucon Corporation, 9 
St. Francis St., Newark 5, N. J. 521 


soldered-in 
gage 


type maximum 


FLAME-RETARDANT 
GLASS-POLYESTER LAMINATE 


Self-extinguishing fiber-glass reinforced 
polyester laminates (Glastic Grade 
UTS) meeting NEMA GPO-1 physical 
and electrical standards are designed 
for continuous operation at Class B 
(130 C) temperatures. 

Material is applicable for insulating 
parts in UL-approved equipment such 
as motors and appliances and as bar- 


G-E fhp Otol 
New Extra Value 


aa 


PROTECTIVE 


FINISH 


Rust-resistant shaft and hardware 
stop corrosion, simplify maintenance 


The special gun-metal-like shaft treat- 
ment makes servicing easier because fans, 
pulleys, and couplings can’t rust on. End 
shield latches and hard- 
ware are bright plated 
to last longer and look 
better. Because main- 
tenance is simplified on 
today’s Form G motor 
you get added sale- 
ability, extra customer 
satisfaction. Investigate 


this extra value feature. 
702-78 


BUY NOW 
FOR EXTRA 
VALUES 
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LEADERSHIP IN AUTOMATIC CONTROLS FOR HEATING e COOLING e REFRIGERATION e APPLIANCES 


Precision temperature controls to match the 


needs of imaginative planners 


Manufacturers of modern appliances and of heating, 
cooling and refrigeration equipment are constantly 
working with White-Rodgers to perfect the performance 
of today’s products ...and to blueprint tomorrow’s. 


That’s because Control is the very heart of product 
“s. performance...and Control is our business. 


‘Through imaginative engineering and volume production 
‘to match that of progressive original equipment 
manufacturers, White-Rodgers has earned its reputation 
_ for precision temperature controls. We believe our 
“ business. can help your business progress. 
Ay We'd like to talk with you about your present needs. 
- and future plans. Write.to Russell B. Sherer, vice peeideny: 


An La is-at your ‘service. 


Ww +e # T — v ae oOo xp G & ta € precision temperature 


controls for what's 
St. Louis 6, Missouri + Toronto 8, Canada doing today ...and 


Circle 147 on page 17 coming tomorrow. 
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Three different 

relays with one 
thing in 

common... 


5 ge bePteESs., 
*e 


Sub-Miniature Relay Type 95 


Miniature Telephone-Type 115 


® 
High Voltage Relay Type 134-3468 


Sure, these three relays were obviously built 
for three very different applications —yet they 
have one common denominator—AEMCO 
ingenuity. Originally developed to meet rigid 
electrical and mechanical requirements, these 
three relays are typical of AEMCO engineer- 
ing and production facilities. 


Although AEMCO manufactures a wide variety 
of relay types now available as “standards,” 
custom development and manufacture to tight 
tolerances are AEMCO specialties. Want fast 
del'very on prototypes? Want outstanding 
engineering and production facilities at your 
disposal? Then, send us the specifications on 
your next relay—we may have an AEMCO 
“standard” that will save you tooling and 
valuable time—or if your problem is develop- 
ment, we'll be happy to design a relay to 
meet your specific requirements. 


Need relays? 
ask 


AEMCO offers a complete line of 
relays in a wide choice of spring 
and coil combinations. operating 
potentials, and contact ratings. If 
one of hundreds of standard 
AEMCO relay types does not ex- 
actly meet your requirements, we 
will be happy to design and manu- 
facture a unit to meet or exceed 
your requirements. 


AEMCO also manufactures a complete line of Se- 
quence and Automatic Re-Set Timers, Time Switches 
and Sign Flashers. 


—_—<----~._. 
-~ ea, 
~ 


“ 

4 
/ WRITE TODAY ¥ 
{ Your inquiries ore invited. Ask for 
\ your free copy of Relay Catalog 
\ describing all standard relays in 

5 the AEMCO line. oat 

~ 


~ =- 
Se ee ee 





AEMES INCORPORATED 


65 State St. ¢ Mankato, Minn. 


Circle 148 on page 17 


riers and insulating supports in heavy 
electrical equipment such as switchgear 
and power and distribution apparatus. 

Available from stock in thicknesses 
from %6 through % in., also 36 x 72 
in. sheets that may be factory cut at 
no extra charge to 36 x 36 in. and 24 x 
36 in. sizes. Glastic Corp., 4321 
Glenridge Rd., Cleveland, Ohio. ~>522 


PLASTICS FIBER V-BELTS 


Industrial V-belts are available with a 
new construction of neoprene rein- 
forced with Du Pont’s Dacron _poly- 
ester fiber. Belt is intended to give 
the design engineer more latitude by 
providing greater longitudinal flexi- 
bility while at the same time giving 
transverse rigidity. Reinforcing cords 
cf Dacron offer high strength to absorb 
more shock loading, flexibility, length 
stability following changes in humidity, 
and resistance to abrasion, heat, oil, 
acids, and most alkaline materials. 
Neoprene, used in the 


cover and 


compression member, provides greater | 


resistance to oils, heat, abrasion, 
chemicals and ozone. Boston Woven 
Hose & Rubber Co., 29 Hampshire, 


Cambridge, Mass. 


VARIABLE-DISPLACEMENT 
GEAR PUMP 


Only two major moving parts are found 
in the VIEP  variable-displacement 
gear pumps, which feature automatic 
pressure compensation. Designed es- 
vecially for use in airborne hydraulic 
xystems, but also applicable to indus- 
trial machinery, these low-cost positive 


r= 








displacement units have efficiencies 
comparable to a variable displacement 
piston pump, are particularly appli- 
cable to high-speed, elevated tempera- 
ture operations. 

Main pumping elements consist of 
an internal ring gear and pinion (see 
illustration). A  pressure-sensing de- 
vice provides automatic pressure com- 
pensation, adjusting pump displace- 
ment to meet variations in system 
delivery requirements. 


(Continued on page 149) 
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CS ee 
New Extra Value 


OPERATION 


Built-in grounding lug permits fast, 
easy grounding to meet UL standards 


Now on Form G motors you get a built-in 
grounding lug that meets UL standards 
for grounded third lead when required. 


BUY NOW 
FOR EXTRA 
VALUES 


With a _ self-tapping 
screw you can make 
ground connections 
quickly, easily and 
inexpensively. This fea- 
ture assures safe, perma- 
nent grounds. There’s no 
chance of disconnection 
during maintenance. Ask 
about this extra value. 

702-79 


OPERATION 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT: 





EIGHTEEN TRANSDUCTORS 
LED THE BIG PARADE! 


Some strip-plating friends of ours had to control 
currents flowing to eighteen anodes. To regulate the 
plating thickness, they had to sum the individual 
large (up to 7500 amperes d-c) currents, without 
interfering with the accurate metering of each one 
individually. Were they ever pleased to find that each 
of their eighteen CONTROL transductors (which 
never wear out) would eliminate special metering, 
and would also drive a heavy duty overload relay... 
contribute its share of power to an a-c totalizing 
transformer... and permit instrumentation currents 
to be carried great distances to switchboard panels 
with proper safety isolation and no loss of accuracy. 
They said we could tell you, if you wanted more in- 
formation, that they did away with shunts, too! Need 
more details? 


A TRANSDUCTOR IS A TRANSDUCTOR 
Is A TRANSDUCTOR 


Truth is there are people who think we are saying “transducers” when we 
are saying “transductors.” ’Tisn’t so. Our CONTROL transductors are simple 
saturable reactors which (oh, joy!) never need maintenance. We connect 
two Orthonol cores in series opposition, and run the bus bar, whose current 
we want to measure, through them (giving us, essentially, a one-turn 
control winding). Don’t even have to make a direct electrical connection— 
and we wind up with enough output for instrumentation, and plenty left 
over for feedback control. Try that on a transducer sometime. Or a shunt- 
millivoltmeter, for that matter. Whatever you want to try it on, you can 
try us for full information first. 


WE HAVE TROUBLE WITH LIFE TESTS 


One of the fine technical magazines in which this Journal appears recently 
did a survey on reliability. They wrote us and asked how long our CONTROL 
transductors would last under certain conditions. It was sort of embarras- 
sing. How can you run a life test on something that won’t wear out? You 
see, our transductors have no moving parts, no filaments to burn out, noth- 
ing to replace or maintain. Bury them in the ground or install them in the 
corrosive atmosphere of a chlorine plant—it makes no difference. We told 
the editor what our problem was, and he said, ‘‘Hmmmm, I see.”” Now we’re 
waiting to see what he’s going to say about this remarkable step forward 
in reliability. Jf you have to measure or record from 200 to 10,000 amperes 
with isolated meters, there’s a world of information awaiting your inquiry, 
And it may give your maintenance man a break, too! 


Reliability begins with CONTROL, 


A DIVISION OF MAGNETICS. INC 
Dept. EM-53, BUTLER, PENNSYLVANIA 
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The fluid flow path through the new 
pump is designed to insure smooth 
discharge flow at all displacements. 
Available for operation at speeds up 
to 24,000 rpm, at temperatures up to 
500 F, at deliveries up to 80 gpm and 
at pressures up to 3000 psi. Pesco 
Products Div., Borg-Warner Corp., 
24700 North Miles Road, Bedford, 
Ohio. >524 


CHROME COPPER ALLOY 
FOR HIGH FLEX WIRE 


Measurements on various types of 26- 
gauge stranded (%%1) wire show this 
chrome copper alloy has a_ tensile 
strength of 49,000 to 52,000 psi as com- 
pared to 35,000 to 40,000 for silver- 
plated annealed copper. Flex perform- 
ance is shown in graph. 


Bar B Flexing -Cycles For First Strand 
Break I2 Cycles /Min 


° 


Chrome copper 
SS reinforced 
SP copper 


Wt on wire,Ib 
ro) 
uo 








200 300 400 
Cycles 

Conductivity of the new conductor 
was over 90 per cent that of copper. 
Although reinforced stainless and cop- 
per conductors of the same size have 
an average of 50,000 psi tensile strength 
and a conductivity of less than 85 per 
cent, conductors fabricated in this man- 
ner tend to increase resistance. Dif- 
ference in tensile strength and elonga- 
tion between stainless steel and copper 
is also a problem. Tensolite Insulated 
Wire Co., Inc., West Main St., Tarry- 
town, N. Y. > 525 


PRESSURE-TO-FREQUENCY 
TRANSDUCER 


Completely self-contained unit 
only d-c current required as input pow- 
er senses pressure by a variable in- 
ductance a-c transducer, the transducer 
coil being part of an integral oscillator 
tank circuit. Has infinite resolution and 
provides repeatability of 1 per cent or 


with 


better. 
Pressure acting on either or both 
sides of a diaphragm causes the coil 
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inductance to vary the oscillator fre- 
quency which can be factory pretuned 
to any of the 18 RDB sub-carrier, tele- 
metering channels from 400 cps to 70 
ke per sec. Measures 11% in. diam x 
334 in. long, weighs 81% oz. Standard 
models are available for use in measur- 
ing absolute, differential or gage pres- 
sures up to 3500 psi, allowing high 
overpressures without damage to the 
instrument or change in calibration. 
Datran Electronics Div., Mid-Continent 
Mfg., Inc., 1836 Rosecrans Ave., Man- 
hattan Beach, Calif. >526 


INTEGRAL CLUTCH-BRAKE 
MOTORS 


Diehl-Ferguson clutch-brake motors 
employ a _ constantly rotating high- 
inertia flywheel and rotor to provide 
stored energy for smooth fast starts 
under suddenly applied loads in metal 
working and automatic production ma- 
chinery. The clutch-brake assembly, 
integral with the motor, is actuated by 
a lever operated by a double-acting 
solenoid or air or hydraulic cylinder. 
Instant pickup of load with minimum 
fluctuations of speed and motor cur- 
ient is obtained. Impulse applied loads, 
up to ten times the rated value of the 


motor, can be accommodated. Disen- 
gagement of the clutch causes a power- 
{ul brake to stop the output shaft. 
Units are designed so the _ball- 
bearing clutch-brake assembly can be 
removed from the housing without 
disconnecting the motor from _ its 
mounting. Clutch and_ brake 
surfaces are mounted on one disk for 
easy replacement. Standard motors 
range from 4% to 5 hp. Ferguson Ma- 
chine Corp. of Indiana, 7818 Maple- 
wood Industrial Court, St. Louis 17, 


Mo. 527 


wear 


RECTILINEAR 
POTENTIOMETER 


RP-125 


resistor 


Series small, compact trim- 
ming meets environmental 
specifications of MIL-R-19, measures 
only 14 in. in length and is available 
in a complete range of resistances. 

Completely enclosed housing is made 
of glass-reinforced Alkyd for increased 





G-E fhp motor 
New Extra Value 


WIRING 


This enlarged wiring compartment saves 
hook-up time on the assembly line 


Wiring compartments on G-E motors are 
now roomier and easier to work with. An 
enlarged opening allows greater accessi- 
bility. A narrower ter- 
minal board makes it 
easy to bring in leads 
from conduit. And there 
are no extra studs on the 
board to result in “‘hook- 
up confusion.” Easier, 
more accurate wiring 
results. How much can 


this extra value save you? 
702-80 


BUY NOW 
FOR EXTRA 
VALUES 
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KEEP UP-TO-DATE ON MAGNETICS 


Now—guaranteed practical inductance limifs for regular 
and frequency-stabilized permalloy powder cores 


Call them frequency-stabilized or temperature stabilized, the 
important thing about these new molybdenum permalloy 
powder cores made by Magnetics, Inc., is our guarantee of 
core inductance within realistic limits. You can write—right 
now—for these guaranteed limits. 


Filter circuit designers will take note that these guaranteed 
limits for permalloy powder cores are far tighter than those 
published before. Note also that they are guarantees on in- 
ductance which is the parameter of chief concern to the core 
user rather than on permeability. 


This can save you dollars on your production line—by cut- 
ting down on adjustment of number of windings on coils. 


150 
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And you know, too, that temperature stabilization eliminates 
difficult compensation problems. 

But did you know that we guarantee these new inductance 
limits for all of our permalloy cores, whether stabilized or 
not? For all the facts, write us at Magnetics, Inc., Dept. ©M-47, 
Butler, Pennsylvania. 
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Want industry's 
most versatile 
heat source? 


Your Chromalox Man 
has the Answer 


Chromalox Electric Strip Heaters 
provide uniform, precise heat to fit 
the size and shape of your pro- 
duction equipment. For heating 
platens, dies, kettles, tanks, pipes, 
ovens, air ducts . . . there’s a Chro- 
malox Electric Strip Heater to 
provide the many advantages 
obtained only with electric heat. 
Low initial cost; quick, easy instal- 
lation with standard bolts or 
clamps; long, maintenance-free 
heater life at low operating cost. 
Instant heat-up. Accurately main- 
tained temperatures on each 
machine, by either automatic or 
manual control. 

For the full story on Chromalox 
Electric Strip Heaters, call your 
Chromalox Representative, or, 
write to the address below for free 
Bulletin F1566. 


2676 


CHROMALOX 
Pa Jo 770 Heat 


INDUSTRIAL 


an 


* COMMERCIAL + RESIDENTIAL 


“EDWIN L. WIEGAND COMPANY 
7530 THOMAS BLVD., PITTSBURGH 6B, PA. 





| Electronic 
| Corp., 
| Island City 1, 


| achieves 


| spectively. 


| rent of 500 ma 
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strength and stability. A multi-finger 


| contact brush travels along the wire- 


wound resistance element which is per- 


| manently bonded to the card to elim- 
| inate loose turns or shifting wires. 


Insulation on wire is removed by a 


| unique process without altering cross- 
| section or winding resistance. 
| tentiometer is designed for easy and 
| precise adjustment, and is 
| with insulated, color coded wire leads. 
DeJur-Amsco | 
Long | 


The po- 
available 
Sales Div., 


45-01 Northern 
Mm 


Blvd., 
>528 


| HALL EFFECT DEVICES 


| Halltron semiconductor devices, 
| upon the Hall effect, produce a voltage 
| output 
| product of an input current and applied 
| magnetic 


based 


which is a function of the 
field. 

Having no moving parts, device 
high degree of reliability. 
Package is 0.030 in. thick, with length 


| and width of 5% in. and % in. re- 


Typical output voltage for 
Type HS-51 (a medium grade of 
electron mobility) with an input cur- 
in a field of 10 


& 


[MS-5) 


kilogauss exceeds 500 mv, with input 
impedance at 0 kilogauss of 0.8 ohms 
and output impedance at 10 kilogauss 
of 2.5 ohms. Using a wide range of 
the very high mobility intermetallic 
compounds, such as indium-antimonide 
and indium-arsenide, a broad range of 
controlled characteristics is available 
to accommodate substantially higher 
or lower input and output power levels. 
Ohio Semiconductor, Inc., 1035 W. 
Third Ave., Columbus 8, Ohio. ~>529 


(Continued on page 153) 











G-E fhp motor 
New Extra Value 


/ 


FASTER 
CONNECTION 


Now plug-in connectors on all terminals 
cut wiring time in half 


For the first time on all single-phase 
Form G motors, General Electric offers 
time-saving quick connectors on all ex- 
ternal and internal con- 
tacts.* Wiring time is 
cut in half. (Studs have 
been retained for conven- 
tional wiring.) Simply 
plug in the leads. Fast, 
positive connections are 
assured. Try it yourself. 
You'll like this new Gen- 
eral Electric extra value. 


*Explosion-proof and a few spe- 
cial motors excepted. 702-81 


BUY NOW 
FOR EXTRA 
VALUES 
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Gutler-Hammer presents ULTRAFLEX 





the spectacular STATIC. PUWER 
Adjustable Speed Packaged Drives 


fem tek Al, fem 7 Vo aed 


Cutler-Hammer Ultraflex Packaged Drives 


provide outstanding savings in 


installation, operation, and maintenance 





ULTRAFLEX ¢ € 25 hp ULTRAFLEX ¢ Mf 100 hp 


CUTLER-HAMMER 


Ultraflex Packaged Drives offer new oppor- 
tunities for quick, cost-cutting installations. 
Light, compact static power conversion com- 
ponents have replaced the conventional m-g 
set resulting in substantial savings in size and 
weight. Ultraflex Packaged Drives save up to 
50% in valuable floor area...up to 75% in 
weight. Ultraflex units require no balancing 
or alignment attention during installation. 
Ultraflex Packaged Drives provide a new 
high standard of operational efficiency and 
ultra-responsive speed control. Exclusive 
Ultraflex static power conversion systems guar- 
antee greater efficiency than ever possible with 
conventional drives. Every Ultraflex Pack- 
aged Drive works perfectly without forced 
ventilation which means less power is con- 
sumed as unwanted heat. Also, Ultraflex Pack- 
aged Drives are noise and vibration free. 
Dependable, maintenance-free performance 
is one of the most outstanding achievements 
of the all new Cutler-Hammer Ultraflex Pack- 
aged Drives. With Ultraflex Static Power 
Conversion Systems there are no bearings to 
lubricate. There are no commutators to 
service, no brushes to replace. There are no 
shafts to align, no couplings to maintain, no 
inertia loads to balance. There are no venti- 
lation fans, no filters to clean or change. 
Cutler-Hammer Ultraflex Packaged Drives 
are available in two forms... Ultraflex E— 
the 1 to 40 hp, low cost electronic type adjust- 
able speed drive and Ultraflex M—the 1 to 
200 hp, ultra-efficient magnetic amplifier type 
adjustable speed drive. Both forms come 
complete with the Ultraflex control unit, 
heavy-duty D-c drive motor and operator’s 
control station. For detailed information, 
write today on your company letterhead for 
the new Ultrafiex E Bulletin EN64-S231 or 
the new Ultraflex M Bulletin EN65-S231. 
CUTLER-HAMMER Inc., Milwaukee 1, Wis. 
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LOW RANGE PRECISION 
RESISTOR 


Low-cost precision wire-wound resistor 
can from 0.1 
up at +0.05 per cent, and as small as 
0.500 in. long and 0.160 in. wide. Re- 
sistors are molded in a special epoxy 


— nn 


the 
forms, windings and terminals. All units 
are calibrated on tinned copper leads 
at a point 1% in. from the resistor body. 


be made in values ohm 


resin which bonds with winding 


International Resistance Co., Hycor 
Div.. 12970 Bradley Avenue, Sylmar. 
Calif. >530 


SILICONE FLUIDS 


SF-97 series of electrical grade silicone 
fluids in viscosities of 50, 100 and 1000 
centistokes have minimum dielectric 
strength of 32.5 kv; 0.0001 dissipation 
factor at 107 and 10° cycles at 25 C; 
dielectric constant of 2.75 £0.05 at 10° 
and 10° cycles at 25 C; 
resistivity of 1 x 10'* ohm-cm. 
Physical properties include specific 
gravity (20/20 C) of 0.964, flash point 
of 315 C (599 F), viscosity-temperature 
coefficient of 0.586 and pour point of 
55 C (—67 F). Designed for use in 
capacitors, pulse transformers, speci- 


and volume 


alty transformers, airborne and land 
based radar equipment, and in tele- 
vision circuit components. Also suited 


for applications requiring fluids with 
good heat transfer qualities and where 
reliable operation is required under 
operating conditions. General 
Electric Co., Silicone Products Dept., 


Waterford, N. Y. > 531 


severe 


CONTINUOUSLY EXTRUDED 
TEFLON SHAPES 


Extruded TFE Teflon 
shapes for electrical and electronic ap- 
plications (insulators, spacers, support- 
ing channels and terminals) exhibit a 
dielectric strength from 500 to 2000 
maintain electrical properties 
with temperature (—25 to +250 C) or 


fluorocarbon 


vpm; 
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frequency (60 cycles to 100 mc); 
have zero moisture absorption and a 
continuous service temperature 
of 250 C, intermittent to 300 C. 

Other extruded shapes are available 
for gasket covers, fluid separators, feed- 
ing tubes for small parts, channels and 
seals. Extrusion range is from 2500 
ft/lb to 6 ft/lb. They be cut to 
length and postformed to customers’ re- 
quirements. Auxiliary machining can be 
provided. Maximum diagonal possible 
is 146 maximum thickness at any 
cross section is about 0.100 in. Pennsyl- 
vania Fluorocarbon Co., Inc., 1115 No. 
38th St., Philadelphia 4, Pa. >532 


range 


can 


in; 


STEP-FUNCTION SPEED 
REDUCTOR 


A new 








shaft 
Insco 


of in-line models 
been added to the line of 
parallel shaft step-function speed re- 
In-line 14 in. stainless steel 
shafts allow more convenient mounting 


series 


has 


ductors. 


in many instrument drives, such as 
timers, charts, oscillators and in lab- 
oratory bread-boards. The _ turret- 





mounted gear train may be rotated to 
select any of ten output ratios by pull- 
ing and the selector knob 
without the necessity of stopping the 
input shaft rotation. Geared design of 


turning 


the unit ensures positive no-slip drive, 
with repeatable ratios available up to 
1000:1. Recommended for continuous 
duty up to 1500 rpm, intermittent to 
5000 rpm, with output torque capacity 
to 50 oz-in. Insco Company, Div. of 
Barry Controls Ine., Massa- 


chusetts. +533 


Groton, 


CAPACITOR TYPE 
ACCELEROMETER 


Output of the Model 2215 
eter may be fed directly to an oscillo- 
VTVM without impedance 
matching devices. The high capacitance 
of piezite element Type 111, 7000 yf, 
provides a sufficient time constant to 
give good low frequency response 
when fed into standard read-out de- 
vices with input impedances of from 
1 to 10 megohms. 
Up to 1000 ft of 


accelerom- 


scope or 


cable from the 
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REVERSE 
ROTATION FAST 


Now you can reverse Form G shaft 
rotation in less than 10 seconds 






























































G-E Form G motors feature a new wir- 
ing method that lets you change rotation 
in seconds. 











Quick connectors make 
changeovers fast and 
positive. Just switch the 
two motor leads on the 
terminal board. That’s 
all. No need to order 
special motors to meet 
your rotation require- 
ments. Require fast, easy 
rotation changes? Ask 
about this extra value. 


702-82 





































































































BUY NOW 
FOR EXTRA 
VALUE 
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Typical pushers, machined from 
Synthane laminated plastics, used 
for railway signal relay. 





Railroads can’t even think in terms 
of failure. And that is why, among 
the many working parts that con- 
stitute railway signal relays, you find 
pushers made of Synthane lami- 
nated plastics. 

These pushers, on which life itself 
depends, must in the words of one 
manufacturer have “excellent in- 
sulating characteristics—be durable 
and unchanging,” must “not chip, 
wear and thus leave residual dust or 
particles which would cause trouble 
if they should lodge on the elec- 
trical contacts.” 

Synthane has all of these charac- 
teristics plus a combination of many 


Circle 153 on page 17 


other useful properties required for 
reliable performance. Equally im- 
portant is the dependability of 
Synthane, the company, as a source 
of supply. You are urged to visit us 
and see for yourself the plant behind 
Synthane sheets, rods, tubes and 
fabricated parts—or to discuss this 
important point with our repre- 
sentative. Meanwhile, write for our 
new, complete catalog. 


SYNTH 
Ss 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 
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accelerometer will still provide an 


output of better than 1 mv/g. Model 
2215 exhibits the desirable combina- 
tion of good sensitivity, 5 mv/g, 


coupled with flat frequency response 
below 2 above 10 ke. It is 
linear dynamically (+ 1 per cent) and 
useful over a wide temperature range 
(—300 to +200 F). Endevco Corp., 
161 E. California Street, Pasadena, 
Calif. >534 


cps to 


TWO “MAKE CONTACT” 
SWITCHES 


Rotary arm-actuated switch and 
plunger-actuated switch for “make 
contact” operation are engineered for 
“emergency only” use in aircraft es- 
cape gear. 

High unit pressure and self-cleaning 
action enable them to function de- 
pendably under unfavorable conditions. 
After two years of dormancy, includ- 
ing 30 days at 95 per cent humidity 
and 100 hr of salt spray, both demon- 
strated a maximum 


of 5 ohms. 


contact resistance 





F 


Rotary switch has maximum recom- 


mended ratings of 400 volts, 150 w 
and 5 amp. Plunger switch is normally 


used to “make contact,” but can be 


altered for “break contact” operation. 


Maximum recommended ratings are 
26 volts, 300 w, and 5 amp d-c or 


10 amp a-c. If an insulating boot is 
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added at the terminal end, 400 volts 
may be used. Airtron, Inc., Aircraft 
1096 West Elizabeth 
>535 


Accessories Div., 


Ave., Linden, N. J. 


POLYESTER FILM DIELECTRIC 
CAPACITORS 


Lectrofilm-B capacitors are fixed and 
enclosed in non-metallic cases for use 
in blocking, filter and by-pass applica- 
tions. 

Unit is compactly wound with high- 
purity aluminum foil and closely con- 
trolled capacitor grade Mylar film. 
Tinned solid lead wires welded to the 





extended foil base unit provide strong, 
positive contact terminals. An outer 
wrap with epoxy resin end seal provides 
a light, yet rugged enclosure. 
Capacitance values are available 
from 0.001 to 0.68 pf, with tolerances 
of 5, 10 and 20 per cent. Voltage rat- 
ings 100 to 600 volts d-c from —55 to 
+85 C, and 50 to 400 volts d-c from 
—55 to +125 C. Minimum insulation 
resistance at 85 C is 10,000 megohms. 
Size ranges from 0.188-in. diam by 
0.75-in. length to 0.562-in. diam by 
1.34 in. length. Available in two types— 
commercial grade (Type C) and those 


for military applications (Type M). 
General Electric Co., Schenectady 5, 
Mm fe. >536 


SILICON RECTIFIERS 


Small size, long life and high efficiency 
characterize two new lines of alloy 
junction silicon rectifiers. Four recti- 
fiers in one family have JETEC type 
numbers 1N1692_ through 1N1695. 
Respective PIV ratings are 100, 200, 
300 and 400. They are rated at 250 
ma d-c output at 100 C ambient with- 
out external heat sink and have surge 
current ratings of 20 amp. Max full- 
load forward voltage drop is 0.60 volt 
and max leakage current is 0.5 ma at 
100 C. 

Second group is designed for appli- 
cations requiring high forward con- 
ductance with low leakage current at 
ambient of 125 C. With JETEC desig- 
nations 1N1487 through 1N1492, they 
have PIV ratings of 100, 200, 300, 
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G-E fhp motor 
New Extra Value 


















SWITCH 
VOLTAGE FAST 


Unique sliding plates on terminal boards 
simplify voltage changeovers 


You can switch G-E Form G motors from 
115 v to 230 v operation (or vice versa) 
in 4 the time, without confusion and 
error, using only a screw- 
driver. Just loosen four 
screws, slide plates to 
new position, and tighten 
screws. Simple! No 
special tool are needed. 
Does your product oper- 
ate on both voltages? 
If so, this extra value is 
for you. 702-83 


BUY NOW 
FOR EXTRA 
VALUES 
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HICKERS. 
Grain-Oriented™ 


RECTIFIERS 


a new type of selenium for. . . 


Higher Current Ratings 


without overloading 


ORDINARY ae os | te Lower Cost 


per Watt Output 


These new rectifiers by Vickers represent a 
major “break-through” in selenium rectifier 
development. Using special equipment and 
quality control processes, Vickers engineers 
have developed a polycrystalline selenium layer 
, i with grains oriented, rather than the random 
Vew 48-page Bulletin 3116-1 gives complete information on new Vickers 

Grain-Oriented selenium rectifiers. Includes con- TI ; hi 
struction details, charts, photographs, performance 1e result: more working crystals, greater 
characteristics, dimensions, uniformity and better rectifying performance 
suggested applications and = per square inch of cell area. 

other helpful data. Pleas RECTIFERS This improved rectifier provides increase in 
send your request on letter- ee” . — =. 
ats current ratings without increase in cell size, 
iead, 


pattern found in conventional selenium layers. 


gives more watts of output per dollar invested. 
You save both on initial cost and operating 
cost with the new Vickers Grain-Oriented 
selenium rectifiers— available in cell ratings 
of 18 to 36 volts. 





EPA 3110-3 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET - SAINT LOUIS 3, MISSOURI 
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New Extra Value 
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You CAN HAVE 100, 500 and 600 respectively. Cur- 


rent rating is 250 ma at 125 C, 750 
} ma at 25 C. 


Max surge current rating is 15 amp 


and max leakage current at 125 C is 
DETECTION 0.3 ma for all except the 1N1487, 


which has a rating of 0.4 ma. All 


AND have pigtail leads and are hermetically 


sealed. General Electric Co., Semicon- 


ductor Products Dept., Syracuse, New 

| contro | © a 

IN A ULTRA-MINIATURE HOLLOW 
4 SHAFT DIFFERENTIALS 

Hollow shaft differentials are available 
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in Class I or II tolerances in stainless 
| steel. Three different models are 
| stocked with shaft size “46 and ¥¢ in.; 
clearance diameters 0.580 and 0.790 in. ; 


Is space a problem—or do 1 to 8 precision ball bearings; and 


me yOu require a totally enclosed = 
speed detecting device—or do 
you want to add speed control as 























a safety feature on existing equip- “on ( C \ QU al FR 

ment? Standard housed SYNCRO | be 

SNAP switches can be your answer - 

to such problems as synchronizing z 

gear shifting in the head transmis- SW T F H N ( 
trical and mechanical clutches, as i 

well as applications in transfer j j i 
equipment, aircraft and missiles. | displacement arcs of 15, 6 and 12 min. Specially designed washer effectively 
| Face gear differentials are available | cushions Start-stop switch click 


sion of machine tools, controlling 
multiple functions on diesel engines 
including overspeed and under- 
speed protection and starter cut- 
out, overload protection for elec- 
in 0.125 and 0.1875 in. shaft diameters 
to meet Precision Class I or II speci- 
fications in aluminum, bronze or stain- 
less steel. Both models have clearance 
diameters of 0.875 in. and displace- 












SYNCRO-CASE hous- 
ings available as 
standard with up to 
4 reporate speed de- 
tecting switches in 
case sizes of approxi- 
mately 3”, 4” and 
5%" diameters. 


The Form G’s centrifugal switch is even 
quieter than before! A carefully designed 
composition washer now greatly reduces 

start-stop click without 











































ments of 10 min of arc. Dynamic Gear | sacrificing positive snap 

m | Co. Inc., 20 Merrick Road, Amityville, action. Add this to a 

SYNCRO PAK housings ae >538 | switch that’s dependable 

designed for flange and rugged (3!4 million 

rayne al oe | test operations) and you 

nal shoft in 3 stand- iv 

: ard sizes. SUBMINIATURE R-F CABLE tte shareaghosor pane 
CONNECTORS | 7 








notice a difference. Your 
CUSTOM HOUSINGS customers will. 702-84 
expand the possibili- 

ties of speed detecting 
and contro! to include 
even the most compli- 
cated requirements of 
multiple functions and 


Dage “Cub” Series connectors are less 
than half the size of standard BNC’s, 
are suited to a wide variety of applica- 

tions in miniaturized electronic equip- 
circuitry. Also fur- ment. Designed for microwave service, 
p ne Page they will handle frequencies up to 10,- BUY NOW 


specifications. 000 mc with very low vswr. Impedance FOR EXTRA 
Write teday for additional information matched for the following cables: RG- 


188/U and RG-196/U (50 ohms); RG- VALUES 
187/U (75 ohms); RG-195 (95 ohms). | 


ENGINEERED PRODUCTS. | Overlapping construction of metal 
nc. 
, GENERAL @@ ELECTRIC 


and Teflon parts provides the strength 
34 W. Monroe Street + Bedford, Ohio : . , ; 
Phone: BEdford 2-4100 of a mated pair of connectors while | 
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K (STANDARD) 


For Aircraft, 

Electronic, Instrument, 
Military, Missile, Industrial 
and Commercial Applications. 


APPLICATION 


Application of R and RK connectors 
on a recording oscillograph. 


a 


Standard K and RK... in straight and angle 90° 
plugs, wall mounting receptacles. Conduit and 
clamp entry types. 1 to 82 contacts in 213 different 
insert arrangements. 10-, 15-, 30-, 40-, 60-, 80-, 115-, 
and 200-amp. silver-plated brass contacts. High 
quality phenolic, melamine, and formica insulators. 
Cadmium-plated aluminum alloy shells. Flashover 
voltages: 1100 to 5000v 60cps ac rms. 


original aircraft, electronics, sound, and all-purpose line 


STEEL SHELL Firewatt 


For Open Flame Protection Against 
High Temperatures 


RECORDER connector 


For Telephone “Beeper” Connectors 


KH, RKH 
(HERMETICALLY SEALED) 


For Use Under Critical Pressure and 
Leakage Conditions 


FW and FWR Cannon K Firewall 
Connectors... available in straight and 
angle 90° plugs, wall mounting recepta- 
cles. Inserts of phenolic or fireproof 
inserts of glass-filled materials. Crimp 
type contacts. Cannon made the first fire- 
wall connector and continues the leader 
in this important field. 


Hermetically sealed connectors... 
with steel shells, steel contacts, and Can- 
seal glass insulators, fused to shell and 
contacts. True hermetic sealing. Electro 
tin plating over cadmium plate over cop- 
per flash provides highly receptive sur- 
face for soldering and corrosion resistance. 


SK-M7-21C...Widely used on two lead- 
ing makes of telephone recorded connec- 
tor units known as “beepers” because of 
the signal required by law in such 
recordings. 








Special acme thread « rugged construction * variety of coaxials « integral clamps 


a nen Wide — 


Ro RLKL and LKL 


K ACCESSORIES 


Straight and Angle 90° Junction Shells, 
Dust Caps, Bonding Rings, Gland Nuts, 
Clamps, Dummy Receptacles 


Ge 


PLUG AND RECEPTACLE 
For Flush or Semi-Flush Mounting 


(TV SWITCHING PANEL) 
For TV Panel Switching 


BA 


Quick Connect and Disconnect RLKL 


RK plug and pin assemblies are equipped 
with an external threaded coupling nut 
which is the reverse of the standard K 
series. Note, RK will not mate with K’s. 


cannon plugs « standard of quality for the industry | 


TBF-K 
For Carrying Circuits Through Bulk- 
heads 


TBF-K Bulkhead Connectors... fea- 
ture a double-faced construction allowing 
mating at both ends. Pin inserts. Single 
piece shell. Five insert assemblies 
available. 


158 








Featuring High Quality Materials and 
Workmanship...Junction shells are 
designed to protect, shield, and carry 
wires through walls, panels or bulkheads 
to conduit. Dummy receptacles hold and 
protect plugs when not in use. 


Plugs ...designed for one-hand fast dis- 
connect use on TV station program switch- 
ing panels. Feature a quick coupling 
means. Latchlock secures plug to mated 
fitting (RLKL receptacle). Thumb pres- 
sure releases it. 





A, 


Other Cannon Series... Mil. Spec. “MS” (full line) —External Power Con- 
nectors— Switching Types—dc Solenoids— Guided Missile Launching Connectors 
— Miniatures and Sub-Miniatures. 


Please Refer to this Magazine or to Dept. 500 


GALI TOn PLU S5 


Where Reliability for Your Product Is Our Constant Goal 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; Toronto, 
Canada; London, England; Melbourne, Australia. Manufacturing 
licensees in Paris, France; Tokyo, Japan. Contact our representatives 
and distributors in all principal cities. See your Telephone Yellow Book. 


See “K” Bulletin 
for Engineering Data. 
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reducing noise level to minimum. Cap- 
design prevents change 
in contact position under temperatures 
ranging from —65 to 300 F. Dielectric 
strength is 2,000 volts d-c at sea level. 
Field serviceable series requires no 
special tools for assembly, withstands 
a cable pull of 40 lb, meets MIL-C- 
8384 water immersion specifications. 
All standard fittings available. Dage 
Electric Co.. Inc., 67 N. Second St., 
Beech Grove. Ind. >539 


tive contact 


MINIATURE PULSE 
TRANSFORMER 


New series of miniature pulse trans- 
formers is only *g in. long with an 
OD of % in. 
Designed for applications, 
transformers are available as blocking 


military 


oscillator pulse transformers covering 
a range of pulse widths from 0.05 to 
2.0 usec, and as pulse coupling trans- 
formers covering a wide range of im- 
pedance ratios and pulse widths. ESC 
Corporation, Electronic Components 
Div.. 534 Bergen Blvd., Palisades Park, 
a >540 


POWER-METAL SPHERICAL 
BEARINGS 


New Unibal 


epherical bearings have a high load 


sintered metal 2-piece 
capacity for their size, can operate at 
relatively high speeds. Through a series 
of controlled thermal. physical-chemi- 
cal and mechanical steps, the balls are 
made of high-density, through-hardened 
pewered iron alloy, and the outer mem- 
bers are made of sintered iron or 
sintered bronze with controlled poros- 
ity. Bearing will hold up to 20 per 
cent of its own volume in oil. This 
means longer bearing life with less 


Cutaway shows large 
surface-supporting area 


Designed to correct 
maximum misolignment 


Spherical bearing made 
by powder 
metallurgy method 
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frequent relubrication required. Cut- 
view shows how a coined (or 
swaged) type bearing presents a large 
surface-supporting area, and is capable 
of rotating so as to correct shaft mis- 
alignment in all directions to the maxi- 
mum degree. The Heim Co., Fairfield, 
Conn. >541 


away 


VULCANIZED FIBER 
CONTROL TAPE 


Easily punched 0.005-in. thick vulcan- 
ized fiber tape (identified as Peerless 
control tape) for use on tape-controlled 
automatic programing equipment has a 
tensile strength of better than 6000 psi, 


high density, low porosity, plus good 
abrasion resistance and dimensional 
stability. Falls between paper and poly- 
ester film in cost and wearing proper- 
ties (see table). 


Cost Ratios and Estimated Life 
Comparisons of Punched 
\Materials—Paper, Vulcanized 

Film 
Cost 
ratio 


Tape 


Fiber, 


Estimated max. 
life (cycles) 
10.000 


Tape 
material 
Paper 0.5 
Peerless 

vulcanized 

fiber 1.0 
Polyester 

film 6.0 


1,000,000 


1.000.000 and over 


Low coefficient of friction and free- 
dom from impurities assure minimum 
of wear on associated perforating and 
equipment. National Vulcan- 
ized Fiber Co., 1058 Beech St., Wil- 
mington 99, Del. ->542 


feeding 


CERAMIC REFLEX 
KLYSTRONS FOR X- AND 
K-BAND 


1K20 series of four 
lightweight, ruggedized tubes that 
cover the 8500 to 11,700 mec range at 
output power levels to 50 mw. Designed 
for use in airborne and missile radar 
systems, these tubes incorporate the 
Eimac ceramic-metal 
construction and integral external tun- 
ing cavities. Will withstand vibration 
levels of 15 g in any reference plane, 
with less than 100 ke frequency devi- 
ation. 

Rated for use at any altitude, the 
1K20 series tubes are rated at +250 


Eimac consists 


advantages of 








G-E fhp motor 
New Extra Value 


LONGER 
Wiz 


Heavy-duty bonding dip and stator 
clamps provide rigid, unitized assembly 


Along with the Mylar*-Formex** insula- 
tion system pioneered by G.E., you now 
get a new bonding treatment on Form G 
motor stators. It affords 
added protection against 
every type of stress. 
Stator cores are now 
specially clamped for 
highly accurate align- 
ment. These new features 
result in extra rigidity, 
more uniform quality: 
Here’s longer motor life! 


*Reg. trade-mark, DuPont Co. 
**Reg. trade-mark, G.E. Co. 
702-85 


BUY NOW 
FOR EXTRA 
VALUES 
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Another New and Better Product 
developed by FANSTEEL Research 


Unretouched photograph (magnified 10x) shows the perfect 
mechanical and electrical bond between the contact material 
and the steel backing. The contact material envelops the side of 
the backing, providing additional protection against corrosion 


and arcing, and aiding in heat dissipation. 


This time it’s 


O to O* Electrical Contacts 


PATENTS PENDING 


This is a new type of button contact, exclusive with Fansteel, 
designed to bring to the users all the advantages and bene- 
fits of Fastell® RJA (silver-cadmium oxide), as well as fine 
silver, coin silver and other ductile silver alloys. 

Fastell RJA is highly useful for heavy load circuits, either 
d-c or a-c. It has a remarkable immunity to pitting, arcing 
and sticking and has minimum tendency to transfer. The 
Sunint di aie el o Danntell “hanes cadmium oxide content imparts a self-cleaning and arc 
to Round” Contact (magnified 2x). This quenching action which keeps contact resistance and oper- 
part is produced by an economical press ating temperature low. Standard Sizes—Fansteel [T] to O 
ee oe Contacts are available in four standard diameters: 0.156’, 

Pent ae Ne on 0.187", 0.250” and 0.312”. Standard tooling is maintained 
echnical Data Bulletin 7.109 for these sizes at no cost to the user. 
Ask for Technical Data Bulletin 7.109 — better still, send 
us samples and/or drawings of the contacts you are using 
at present, and let us make recommendations. 


*Pronounced “Square to Round” 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, North CHICAGO, ILLINOIS, U.S.A 
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CHOOSE FROM 








TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 

For Air... Oi... 
Askarel Transformers 

» An absorbent, unsized 
E. boardof 100% virgin kraft 
_ Stock free of metallic par- | 
icles. Excellentdielectric, *~ 
physical and chemical: © 










































© natural kraft color. rt 


a ELECTRITE 


harder Board for 
Variety of Punchings 














ufacturers to replace 
more costly types of insu: 
lation. Natural kraft cole 

































100% VIRGIN 
KRAFT STOCK GIVES 
. HIGH DIELECTRIC 














C seal temperature. New non-contact- 


ing, non-microphonic — tuner 
noise-free tuning of tubes through their 


requirement and simple radiation cool- 
ing minimize weight and complexity of 
associated equipment. Eitel - McCull- 
ough, Inc., 798 San Mateo Ave., San 
Bruno, Calif. >543 


SYMMETRICAL FEED-THRU 
CAPACITOR 


DA-741 Hi-Kap* capacitor can be in- 
serted from and embodies 


a new metalizing technique that com- 


either end 


silver migration and silver burn-off dur- 
ing soldering Will with- 
stand soldering temperatures of 450 F 
for two minutes and has a solder fillet 


operations. 





the need for solder preforms. 

Available with capacitance values up 
to 1000 puf; power factor is 3 per 
cent max measured at 1 ke and voltage 
is 500 volts d-c working, 1300 volts 
d-c test; meets EIA Std. RS198, Class 
2 for humidity and is suited for auto- 
matic machine insertion. 

A similar unit, DA-740, with 








QUALITY 











These three grades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
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to .125" for DENSITE). For more 
information, write to: 














WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, 
230 Park Avenue, 
New York 17, N. Y. 
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same electrical characteristics but with- 
out solder fillet or leads, can also be 


supplied. Centralab, a _ Division of 
| Globe-Union, Inc., 900 East Keefe Ave.. 
Milwaukee 1, Wisc. >544 
SERVOAMPLIFIER 

Model 601 can be used to drive d-c 
torque motors (or electrically similar 
loads) or provide excitation to and 
accept feedback signals from either 


a-c or d-c pickoff devices. 
Unit is 834 in. high. Built-in meter 


| around the center ring that eliminates | 


the | 





permits 


complete ranges by a single screw in | 
the external cavity. Low beam voltage | 


pletely eliminates capacitance drop-off, | 








G-E fhp motor 
New Extra Value 


et 


PERMANEN 
DATA 


Easy-to-read instructions and data 
simplify installation and servicing 


Operating data on Form G motors is 
both legible and permanent to help you 
select, install and service without guess- 
work, The nameplate is 
engraved, then paint- 
filled for extra readabil- 
ity. Oiling instructions 
are lithographed on the 
terminal box cover plate. 
Lets your customers 


know exactly how little 
maintenance is required. 
value! 

702-86 


See this extra 


BUY NOW 
FOR EXTRA 
VALUES 
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New program timer features complete adjustability 


In many applications, a timer has a 
“standard” job to do throughout its 
expected life, never requiring a change 
of timing sequence. But in many others, 
it’s desirable to be able to change the 
timing sequence and the intervals mak- 
ing up the sequence in acomplete cycle. 


The new Cramer Type 511 and Type 
521 Cycling Timers fill the bill for a 
unit combining high accuracy with 
complete field adjustability of as many 
as eight individual timed intervals. 
Although these timers can be supplied 
with preset cams to fit the needs of a 
present application, the added feature 
of adjustability makes them the ideal 
choice where the timing sequence may 
later be changed. 


Operation 


Applying power through an external 
sustained contact starts the timer, which 
continues to cycle until the control con- 
tact is broken. Full cycle time is the 
total time range of the timer specified, 
and may be selected from a large num- 
ber of available ranges. If desired, the 
timer can be wired to perform one 
cycle and stop. 


At the start of each cycle, the snap-act- 
ing SPDT load switches are in the ini- 
tial positions specified (or established 
through adjustment) by the user. As 


the cycle progresses, each load switch 
is transferred by its operating cam to 
open or close its connected circuit at 
the required time and for the required 
duration. 


Timing Cam Adjustment 


Each SPDT switch is operated by a 
double cam, one section to close the 
switch to one contact, the other to 
close it to the opposite contact. Depend- 
ing on Circuit wiring, either of these 
actions can “make” or “break” the 
load circuit. Each section of each cam 
is independently adjustable through a 
full 180°, without disturbing any other 
cam setting, by means of a small span- 
ner wrench furnished with the unit. 
Adjustment is indicated on a dial which 
is marked in percent of total cycle 
time, permitting accurate selection of 
the desired “make” and “break” points 
for each load switch. 


Features 


TIME RANGES From 1 cycle in 6 seconds 
to 1 cycle in 48 hours. 


LOAD CIRCUITS — From | to 3 (Type 511) 
or from 4 to 8 (Type 521), each con- 
trolled by a totally-enclosed quick-make 
quick-break SPDT switch rated for 20 
amperes at 125 or 250 volts AC (non- 
inductive ). 


Field-Adjustable Program Timer Type 521 


OPERATING TIME Minimum operating 
time for each circuit is approximately 
1/30 of total cycle time. 


ACCURACY — At operating point of any 
one circuit, 142°: between any two cir- 
cuits, 3°. 

MOTOR — Cramer high-torque synchro- 
nous, for 115 and 230 volts, 25, 50 and 60 
cycles. Motors for operation on DC or at 
other frequencies are available in limited 
time ranges. 

For detailed information and complete 
specifications, write Cramer Controls 
Corporation, Box 8, Centerbrook, Conn. 


THREE MORE WAYS TO SOLVE YOUR TIMING PROBLEMS 





VARIABLE-CYCLE PULSE TIMER TYPE 650 
Makes or breaks an electrical circuit for 
a fixed period or “pulse” of /% second to 
12% hours, at continuously repeated in- 
tervals that are adjustable from 34 second 
to 24 hours. By choice of load connection, 
control can be based either on the fixed 
pulse time or on the adjustable interval 
between pulses. Cycling period can easily 
be changed during operation. 


ADJUSTABLE PERCENTAGE TIMER TYPE 610 
Makes or breaks an electrical circuit for 
a variable percentage of a basic fixed cycle 
time. Desired percentage of total cycle 
time, for ON or OFF control of the timed 
device, is adjustable from 4% to 96% in 
steps of 1%. Total cycle-time ranges from 
15 seconds to 24 hours. Internal connec- 
tions can easily be arranged so that the 
load circuit is either closed or open for 
the indicated percentage of the full cycle. 


CYCLING TIMER TYPE 571 
Provides reliable and inexpensive control 
of repetitive switching for built-in appli- 
cations. One through four poles, SPST or 
SPDT open-blade switches with contacts 
rated at 30 amperes, each controlled by a 
timing cam specially cut to user’s require- 
ments. 18 standard speeds from 1 rpm to 
¥g rpd, plus many special time ranges. 


CRAMER CONTROLS 


CORPORATION 


Box 8, Centerbrook, Connecticut 
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can be used to check output 
current level and balance, differential 
current, B-+- level, dither level, and 
feedback signal quadrature level. Test 
jacks are also located on the front 
panel so that an external scope may 
be used to check waveform, phase, etc. 
Regulated power supply is mounted on 
« sub-chassis as part of the amplifier. 
Independent level and balance con- 
trols enable current to run from 8 to 
25 ma _ without interaction. Output 
stage uses two 5881's in Class-A push- 
pull operation. American Measurement 
and Controls, Inc., 240 Calvary St., 
Waltham, Mass. >545 


circuit 


HELICAL-GEARED SPEED 
REDUCERS 


The Optimount series speed reducers 
feature a basic unit, with either single 
reduction helical gearing, 
which can be mounted directly on the 
driven mounted in standard 
stock horizontal or vertical bases. Four 
sizes of basic units output 
speeds of 10 to 431 rpm, and capacities 


or double 
shaft or 


provide 


of % to 15 hp. Reductors are designed 
for V-belt, sprocket or gear drive to 
input shaft, also with direct motor 
drive to input shaft. Gearing is heat- 
treated alloy steel. Gear shafts are 
mounted in ball bearings with double- 
lipped oil seals. The hollow output 
shaft can be adapted to the required 
machine shaft size with a standard 
keyed bushing. Solid output shaft is 
furnished in base-mounted applica- 
tions. For shaft mounting, the Opti- 
mount is equipped with an adjustable 
reaction rod which prevents rotation 
cf the unit. Boston Gear Works, 14 
Hayward St., Quincy 71, Mass. 546 
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TRANSISTOR-SPRING-CLIP 
MOUNT 


Full line of 
G-E Form G 
motors 


10 


Two new multi-purpose Speed Clips, | 


designed for quick mounting of ger- 
manium rectifiers, eliminate the need 
for threaded studs, separate nuts and 
lockwashers. One of them, illustrated, 


is merely zipped over a square stud | 


molded on the plastic base of a recti- 


BZ 


fier and is entirely self-retained. The 
unit then into 
and holds firmly under live 
spring tension. Dart-shaped mounting 
provide shock absorption not 
attainable with rigid fasteners. 
Another rectifier clip has been de- 
signed primarily for replacement appli- 
cation in the field. It incorporates a 
box-shaped section and spring legs for 
proper spacing and resiliency. A 
drawn, dart-type retaining leg snaps 
into the original mounting hole. Tin- 
nerman Products, Inc., P. O. Box 6688, 
Cleveland, Ohio. >547 


complete snaps 


chassis 


legs 


ZENER REFERENCE STRINGS 


For applications where voltage output 
and temperature coefficient require- 
ments are not compatible with the per- 
formance of a single Zener diode, such 
as in the precision instrumentation 
field, “strings” eliminate the necessity 
for designing a special product for each 
application. 

Basic building block is the type 
1N429 twin anode Zener reference 
diode. Cancellation of temperature co- 
efficients has been employed in the “A” 
types to achieve performance superior 
to a random string of single diodes. 

They have an operating voltage range 
from 6.2 to 49.6 volts; a max change in 
voltage in the —55 to +100 C range of 
0.050 to 0.200 volts; and a maximum 
dynamic impedance (at 7.5 ma) from 


the | 


NOW WITH NEW 
EXTRA VALUE 


Contact Your G-E Sales Engineer Today 


Want more information about the new extra 
value features on General Electric Form G 
motors? Your General Electric Sales Engi- 
neer has all the facts. He also has a com- 
plete time schedule of the availability of 
these features on the motors for your ap- 
plications. Why not call him today? 


To: 

Section A702-87 
General Electric 
Company 
Schenectady, N. Y. 


GEWERAL QB Evectaic 


© Please send complete literature 


O Please have a Sales Engineer call 





NAME 
COMPANY 





ADDRESS 





CITY STATE 





| GENERAL @@ ELECTRIC 
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G-V stands guard 
with Robertshaw to detect 
harmful vibration... 


Abnormal and persistent vibration in rotating equipment usuaily means 
costly trouble. Robertshaw-Fulton’s Vibraswitch Detectors and Model 651 
control units detect vibration and shut down valuable equipment before 
damaging trouble develops. 


Two G-V Red Line Thermal Time Delay Relays are used in each control 
unit. One blocks out the vibration detector while the protected equipment 
is starting up. The second times the duration of vibration and permits 
shut-down only if trouble persists. 


Absolute reliability of every component is vital in a protective system of 
this sort. G-V Red Line Delay Relays meet this requirement for reliability 
...at surprisingly low cost. Apply them in your equipment and be safe. 


Write for Publication 131. 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, New Jersey 
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20 to 180 ohms. Semiconductor Divi- 
sion, Hoffman Electronics Corp., 920 
Pitner Ave., Evanston, III. >548 


HIGH PRESSURE 
SWITCH SEALS 


Hexseals" are for use on commercial 
and military subminiature pushbutton 
and toggle switches. They incorporate 
a rigid hexagonal nut, which replaces 
the conventional mounting lock-nut 
and serves as both seal and lock-nut. 


No. N-5030 


7 Low temp 
No N5040 silicone 


rubber 


\ Positive stop ~ 
D(thread size ) | 
nickel plated bross 4 4ONS2B 


“O"-rib (pone! seal) nickel plated brass 
“a k 


“O"-rib(panet seal) 


Gasket rib seats firmly against mount- 
ing panel surface to keep out moisture, 
water, dust or combustible vapors. 
Hexseals are useful over the tem- 
perature range —160 to 500 F; will 
hold a pressure of 500 psi externally 
and 15 psi internally. Series N-5040 
is for installation on push-button 
switches, Series N-5030 for toggle 
switches. Both are furnished in three 
standard sizes and meet weather and 
vibration requirements of MIL-E- 
5272A and MIL-B-19257 (Ships) 
Amendment 2. Automatic & Precision 
Mfg. Co., 252 Hawthorne Ave., 
Yonkers, N. Y. >549 


MINIATURE FLEXIBLE 
COUPLINGS 


Six different sizes of miniature flexible 
couplings have been developed for use 
in close-tolerance applications. De- 
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current rating —AMPERES 


conductor size—MCM 


Butyl’s outstanding resistance to heat allows considerably 
higher currents for any given conductor size. 
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ENJAY 
BUTYL 


BEST 
WAY T0 
HANDLE 
ELECTRICITY 


ai 


Of all vulcanizable rubbers, Enjay Butyl offers the best 
electrical and dielectric properties. Butyl is the ideal ma- 
terial for wire and power cable, transformers, tapes, bus- 
bars and other insulation applications. 

Butyl also offers outstanding resistance to weathering 
and sunlight . . . chemicals . . . abrasion, tear and flexing 
. . . superior damping properties . . . unmatched imper- 
meability to gases and moisture. 

Find out how this versatile rubber can improve your 
product. Call or write the Enjay Company, today! 


Pioneer in Petrochemicals 


BUTYL 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron: Bostons Charlottes Chicago* Detroit» Los Angeles* New Orleans+ Tulsa 
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signed to eliminate all backlash and 


4s We Better transmit uniform angular velocity at 
ee @ high speeds, a _hydraulically-formed 


seamless metal bellows is employed as 
the flexible member. The flexible coup- 
lings are available in phosphor bronze 
ENLARGED and beryllium copper, electro tin-plated. 

Shaft sizes range from 1, to 6 in. 
end of Varglas Sili- Overall lengths vary from °%%; to 152 
cone Rubber Tubing in. Bridgeport Thermostat _ Div., 
shows design that Robertshaw-Fulton Controls Co.. Mil- 


its knotting, ws 
Gaaien esr nat ford, Conn. ->550 


ing to meet extremes 
of temperature 


GREATLY 


GENERAL PURPOSE 


SILICONE RUBBER Ney seco. nan” 
Tubing and Sleeving TRANSISTORS 
Availability of 10 new general purpose 


' sts. - . sc INGA: 9NS79 
ie fe /fe= transistors, types 2N563 through 2N572 
« . rn are announced. Five of these germa- 


nium alloyed junction units are pack- 





WON'T CRACK, PEEL 
OR CRAZE 








GREATER FLEXIBILITY ~e oe i 








HIGH DIELECTRIC 


RETENTION ae y 


eeeeeececseseceoseseeeeeee.-~f? = : 














aged in the JETEC 30 welded case 
and five are in the military case. They 


LONG LIFE CUTS 
REPLACEMENT COSTS 


@eeeeeeeeeeeeeeeeeeeeeeseeeeeeees ? 4, x, are recommended for applications 
where tight parameter control and 
high reliability are desired. All units 


»@ 
a“ 








DV” 





VIVID COLORS FOR 
5S READY IDENTIFICATION = ’ can be supplied in full compliance 


CHESS HSSESESESESESEHSESSESESEEHSESEEEEEEEE “7 Cn with MIL-T-19500A. General Transis- 








tor Corp., 91-27 138th Place, Jamaica 


35, N. Y. >551 


THERMAL PROPERTIES: 


Heat aging: 1000 hrs. at 250° C 
without appreciable change in 
physical or dielectric properties. 
FLAMMABILITY: 

Self-extinguishing, when tested 
in accordance with ASTM and 


NEMA procedures. (NEMA Ac- 
ceptance Test). 


ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times. 


CHEMICAL INERTNESS: 


Has good resistance to all oils, 
alcohols, dilute acids and alka- 
lis. Fine water resistant qualities. 


FLEXIBILITY: 


Unaffected throughout life of 
Tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 


Inert. No fungus growth was 
visible at 40 x magnification 
after 28 days incubation under 4 
“ideal” surroundings. e 


Twist, bend, wrap or knot it and this tubing remains 
pliable and efficient, even under the most severe 
operating conditions. Send for free samples today. 





SALES CO., INC. 


SPECIALISTS 











VARFLEX SALES CO., INC. 
30? N. Jay St., Rome, N.Y. 


Please send me sample with Bulletin and Prices. 





Name 
Lusulation 
Title 





Rome, N. Y. Company 
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TEST-POINT JACK TAKES 
EXTRA-LONG PROBES 

SKT-27 test-point jack will accept a 
probe 0.450 in. long by 0.093 in. diam. 
Because of its longer leakage path— 
0.187 in. or more—this jack has par- 
ticular value in applications requiring 
high voltage ratings. 

Features a machined _ beryllium- 
copper contact member with gold flash 
over silver-plate finish. It may be used 
over a temperature range of —55 to 
+200 C. Jack is readily installed in a 
drilled or punched chassis hole by 
means of a simple insertion tool. Avail- 
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ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 
To provide a source of dependable, stable power for the “Mariners 
Pathfinder’, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 
supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to +=3V and +0.6 cycles over a 20% variation 
in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECPRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 


ai 
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| able in a choice of eight EIA 
| (RETMA) colors. Sealectro Corp., 610 
Fayette Avenue, Mamaroneck, New 
York. >552 
FC-2-XPF 
Short leads— 


0.2” grid spacing MULTIPLE-CIRCUIT SLIDE 
SWITCH 


Rugged design and circuit flexibility 
are the features of a new multiple- 





circuit slide switch for use on laundry 


ree Y 125°C. Ambient ipment, air conditioners, rotisser 
7 m ien see equipment, air conditioners, rotisseries, 


evaporative coolers, dehumidifiers, dish- 
Power and Low 
Level Switching . 


e-Lo mcm Ale} a-tiked . 


AT 2000 CYCLES 


FC-2-XLF 


FC-2-XHF 
Long leads— 


0.2” grid spacing : . Hook leads— washers, fans and vent hoods. Switch 
0.2” grid spacing eliminates the need for a mechanism 

: a a: | between the slide actuator and rotary 

switch. Steel-encased slide switch is 

rated at 10 amp, 125 volts a-c, has 

silver contacts, quick connect tab term- 

| inals, simple two-hole mounting means, 

and an actuating switch arm designed 





| for a snap-on plastic handle. Actuating 
ns "7 arm has metal-to-metal bearing  sur- 


faces to assure long switch life. Ac- 


cessory Equipment Dept., General 
Electric Co., 1825 Boston Ave., Bridge- 


port 2, Conn. >553 


Subminiature, 


hermetically-sealed types TUBEAXIAL BLOWERS 


| Line of small, compact tubeaxial air 


moving units for electronic equipment 
These new FC-2 types are the latest “rl regina e ke ggg gpl 
cooling can be furnished in a wide 


development in high reliability missile variety of shapes, sizes, finishes and 
relays — designed and produced by | mounting arrangements. They are gen- 
Struthers-Dunn. the pioneers in mini- erally not recommended for military 


i applications or where extreme ambient 
ature, hermetically-sealed relays. temperatures, shock or vibration exist. 


30 G vibration at 2000 cycles and | Smallest of new units is the Model 
50 G shock specifications are readily ! 
met, as well as other requirements of 
MIL-R-5757C and MIL-R-25018. 























Write for Struthers-Dunn DATA BULLETIN FC-2 





STRUTHERS-DUNN, Inc. 


Pitman, N.J. 





Makers of the world’s largest assortment of relay types 


Sales Engineering Offices in: Atlanta + Boston + Buffalo « Chicago « Cincinnati 
Cleveland + Dallas « Dayton + Detroit « Kansas City » Los Angeles * Montreal « New 
Orleans * New York « Pittsburgh « St. Louis « San Francisco * Seattle +» Toronto 
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Another Tinnerman Original... 


Tinnerman Push-On SPEED NUTS 
fasten with a “bite” that can’t shake loose 


In a split-second, this low-cost Tinnerman Push-On 
SpeepD Nut arches its spring-steel back, then bites 
hard to make a positive attachment on unthreaded 
studs, rivets, tubing, nails, jewels, small housings. 


Application is easy—finger pressure starts it; a 
push with a simple hand tool locks it under live 
spring tension. No threads to worry about, no spot 
welding, no riveting, no special inserts, bushings 
or washers necessary. Elimination of extra parts 
and assembly operations may save you up to 50% 
or more in fastening costs. 


Push-On Spreep Nuts lock on everything from 
thermoplastics to die-cast, chrome-plated steel. 
Hundreds of variations to fit any shape or size stud 
—from very small diameters to larger rectangular 
shapes. Some Push-Ons have “caps” that cover 
exposed shaft, axle or stud ends. 


Check Sweet’s Product Design File, section 8-T. 
Or look under ‘“‘Fasteners” in the Yellow Pages and 
call your Tinnerman representative for complete 
information and samples. Or write to: 


TINNERMAN PRODUCTS, INC. 
Dept.12 +» P.O. Box 6688 «+ Cleveland 1, Ohio 





TINNERMAN 





FASTEST THING IN FASTENINGS® 
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CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Bundy Gmbi, Heidelberg. 
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ANOTHER ACME ISONEL WIRE! 


Specify +175-Class F-155° C 


ACME Isonel Wire #175, when 
used with compatible varnishes, is 
suitable for Class F applications. 
ACME Isonel Wire #175 has all the 
properties of Formvar Wire PLUS 
without increase in cost. 

ACME Isonel Wire +175, when 
used with ACME #150 Varnish, is 
suitable for Class B applications. 


THE ACME WIRE COMPANY 


NEW HAVEN, CONN. 


MAGNET WIRE + COILS + VARNISHED INSULATIONS 


S\ 


INSULATING VARNISHES AND COMPOUNDS 
@eeeeeeaeea eo eoeaeeeeeeeees @ 





Ward Leonard 6.6 KW 
‘Radiastat’ dimmer control 


C-5 silver-graphite 
contact brush 
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eliminate “squeal” and 
welding in 
Ward Leonard dimmer control 


Contact “‘squeal” and welding have been elimi- 
nated on the “Radiastat*” dimmer control because 
the manufacturer, Ward Leonard Electric Co., 
switched to Gibsiloy C-5 silver-graphite electrical 
contacts. 

The “Radiastat” is an auto-transformer device 
for smooth dimming of theater, church and audi- 
torium lighting. Self-lubricating properties of the 
Gibsiloy contacts ended objectionable “‘squeal” as 
the device is rotated. In addition, the C-5 contacts 
prevent welding due to high lamp inrush currents. 

Similar Gibson experience in manufacture of 
Gibsiloy C-5 silver-graphite contacts approved by 
Ward Leonard for the “Radiastat” can solve your 
electrical contact problems. Complete data is 
available on all Gibsiloys made of silver, tungsten, 
copper, nickel, palladium and other materials to 
suit your need. See our catalog in Sweet's Product 


Design File or write for Gibson 
Catalog C-520 


ie 


Reg. Trademark, 
Ward Leonard 
Electric Co. 


/Manusachu hed 6y 


GIBSON ELECTRIC COMPANY 


DELMONT, PA. 
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ID hous- 
fan is 


H-84236 (top) with 3%e-in. 
ing. Low-volume, high-speed 
recommended for cooling oscilloscopes 
or other equipment. The 
Yoo-hp unit operating at 7200 rpm 
delivers 75 cfm of air at free delivery 
(zero static pressure). 

Model H-115659 (bottom) is  suit- 
able for flushing electronic equipment 
cubicles, racks and cabinets. The dis- 
charge screen guard is optional equip- 
ment. This “450 hp, 1550 rpm_ blower 
delivers 400 cfm at delivery. 
(merican-Standard, Blower 
Detroit 32. > 554 


electronic 


free 
American 


Mic h. 


Division, 


METAL CLAD NYLON TIP 
JACK 


Shock-proof nylon 
struction is resistant to extremes of heat, 
cold and moisture. Available in 13 
bright, permanent colors for coded ap- 
Nickel _ plated 


brass jacket protects nylon 
assures positive fastening to mounting 
surface. Continuous current rating: 10 
amp. Internal silver plated contact is 
recessed in head for safety. Accommo- 
dates tip lugs of a nominal 0.081 in. 
diam. Single 14 in.-32 nut furnished. 
Mounts in '%@4 in. hole. E. F. Johnson 
Company, Waseca, Minn. >555 


and metal con- 


plications. machined 


body, 


MULTI-CIRCUIT CYCLE TIMER 


Operation of circuit and the 
sequencing relationship between the 
circuits in the cycle are all controlled 
by master programming dials in Zenith 
Model WD multi-circuit timer. Pro- 
vides for all adjustments and settings 
to be made on the face of the panel. 
Each control has 96 non-removable 
tripping clips which can be slid in and 


each 
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“Stop Costly Water 





HAVE YOU MET THE 
SILIGONBS MAN = 


H e'll tell you the story of the “impossible” rubber that helps deliver a hot blast to cold jets... 

or the case of the 3600 mph wind tunnel. Perhaps you'll want him to tell how he helped seal a delicate 
gyroscope ...or show you the brick that floats. Here’s a man with a thousand success stories 

about UNION CARBIDE Silicones. 

But the Silicones Man is in reality many men—in sales engineering, technical service, research, 
and development—all working together as the Silicones Division of UNION CARBIDE. Between 
them they possess tremendous knowledge about the wonderful world of silicones. There’s 
a Silicones Man in most major cities. Put him to work on your problems today. For a 
complete description of many silicone products, write for the booklet “Look to 
UNION CARBIDE for Silicones,” Depi IJ-0701 
Silicones Division, Union Carbide Corporation, ' 

30 East 42nd Street, New York 17, N. Y. LE} Site) s| 
fey:\-j:1/2) 3 DILICONES 


TRAGE-MARK 






The term “Union Carbide” is a registered trade-mark of UCC. 


In Canada: Bakelite Company, Division of Union Carbide 
Canada Limited, Toronto 7, Ontario 
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At Steel Door... 


ss) American Springs 
thanks to AS&W 


in the American Steel & Wire Fatigue Laboratory, a 
technician runs tests on a USS American Spring, designed 
for Steel Door use. On the basis of this test a change in 
hook design was recommended to give longer spring life. 


A Steel Door workman assembles a Berry One-Piece Door. This company 
uses steel exclusively for all doors because of its many consumer advantages. 
Steel is stable, won't warp or swell. Steel doors need less maintenance and 
preparation, and steel doors are easy to operate. 


This close-up shows the improved hook on the extension springs supplied 
by American Steel & Wire for the Steel Door overhead garage doors. 
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stretched 31,000 times and still going strong... 


Spring Engineering Research Service 


The Steel Door Corporation, Birmingham, Michigan, is 
the world’s largest manufacturer of residential garage 
doors. For the production of these doors they use about 
150,000 USS American Springs every year. Steel Door 
asked American Steel & Wire for a statistical evaluation 
of the fatigue life of the extension hook-type springs 
they use. The AS&W Spring Engineering Research 
Service tested these springs in the Fatigue Laboratory 
and recommended a change in hook design. 

So successful was this design change that the life of 
the springs has been materially increased. At the Steel 
Door plant a cycle test was set up using USS American 
Springs on an overhead door. At the present time these 
springs have completed over 31,000 cycles without show- 
ing any sign of failure. This is the equivalent of 25 
years of normal usage. 

Mr. Ralph Qualman, Advertising Director and Serv- 
ice Manager, says: “‘It is extremely important that the 
springs—especially those used on sectional doors where 


American Steel & Wire 
Division of 
Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distribute e Tennessee Coal & | 
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the strain is greatest—have proper tension and a long 
life. American Steel & Wire supplies Steel Door with 
springs that meet their engineering specification and 
life expectancy.” 

If you have a spring problem or would like advice on 
the use of springs in your product, get in touch with 
our general offices in Cleveland, or any American Steel 
& Wire Sales Office. You can benefit from the knowledge 
of AS&W’s Spring Engineering Research Service. The 
Service has been engaged in laboratory experiments of 
static and dynamic testing for 20 years and has accumu- 
lated invaluable data on stress and fatigue life of steel 
springs, while endeavoring to improve efficiency in the 
use of steel—from steel chemistry through product 
application—to more economically cope with today’s 
rigorous demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is at your 
disposal. American Steel & Wire, General Offices: Rocke- 
feller Building, Cleveland 13, Ohio. 


USS and American are trademarks 


United States Steel 


on Division, Fairtield, Ala., Southern Distributors «+ ted States Stee! Export Company, Distributors Abroad 
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drilling or die-stamping 


Printed circuits ? 


cold-punch them for less ona 
Strippit 
Fabricator-Duplicator 


No matter how complicated the hole pattern. if it’s a medium 
run within a capacity of 14” mild steel. there’s no 
easier or faster way than with a Strippit Fabricator-Duplicator ! 


No heat, no fixed dies, no drilling. And hole quality is 
uniformly good, with no crack formation in your laminates. 


It’s simple to operate — anyone can be hitting high production 
after a few minutes’ instruction. Place master template 

in Duplicator. Place up to 15” x 25” circuit board or other work in 
Fabricator. Then, as you place the Duplicator stylus in each 
template pilot hole, the work is automatically positioned and the 
punch tripped. Tool changes are made in seconds, using 

the complete line of standard punch and die buttons in the 
Fabricator’s handy “file drawers” — or special-shape tools can 


be made to your order. 


Write today for engineering details and a 
demonstration at your plant. See how this machine 
could be cutting your costs — and paying 


for itself in a hurry under our gem 


pay-as-you-produce plan ! 


Warehouse stocks in Chicago 
and Los Angeles. 


wf > 


out of the dial face. As many as 48 
ON and OFF operations can be made 
on any one circuit without disturbing 
the operation of other circuits. Unit 
is driven by one heavy-duty synchro- 
nous motor so that all operations and 
dials are fully synchronized. Zenith 
Electric Co., Dept. EMC, 152 West 
Walton St.. Chicago 10. Il. >556 


HIGH SPEED SAMPLING 
SWITCH 

Roto-Jet switch has a service-free life 
of more than 2,000 hr. Closure time is 
of the order of 40 microsec, and less 
than 20 microsec are required to break 
contact. Switch provides 45 isolated 


Movabie 
contact 


pairs of contacts, with two terminals 
for each. Duty cycle may be set from 
30 to 90 per cent. Precious metal con- 
tacts are mounted “barrel-stave” fashion 
around drive shaft and are actuated by 
a rotating air jet which strikes them in 
rapid succession, reducing contact wear 
to a minimum. Norman Hardy Asso- 
ciates, Box 97, Wyncote. Pa. >557 


TRANSISTORIZED 
FREQUENCY CONVERTER 


Precision frequency to d-c converter 
converts a-c signals into either d-c volt- 
ages or amplified pulse outputs, occu- 
pies less than half the space of con- 
ventional designs. 

Used to convert signals from turbine 
flowmeters, tachometers and _ similar 
variable frequency devices, small size 
and rugged construction make it es- 
pecially suitable for aircraft or missile 
use. 

Full scale input frequency is ad- 
justable from 300 to 900 cps with a 
min frequency of 10 cps. Output volt- 


* ae . 
bf | aaated 
Wales Company ~~ < 
Trit® 
222 Buell Road, Akron, New York 


In Canada: Strippit Tool & Machine Limited, Brampton, Ontario 
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Now, Immediate Delivery from Stock on 


GENERAL CERAMICS SPECIAL 
PURPOSE FERRITE CORES 


F926 
fete F622 @ 


@ @ Q eS... 


F846 


F439 


F927 F261 


F625 F303 


2 


F717 


00 


F188/F187 
F784 F754 


7 @ 


F607-2  F607-1 


F610-2 


F610-6 F610-1 F612-1 F612-2 F243/F242 F189 F167 
Inches 2 3 4 5 6 7 


‘ 
~. 


F610-4 


F610-3 


pepe peenett 


Rush service for designers - use 
this handy materials selector chart 


Ferrite Cores available 
in various materials for 
development and design 
engineers to cover 
specific frequency bands 
of operation from 1 KC 
to 50 megacycles. General 
Ceramics provides extra- 
fast service on sample 
quantities for develop- 
ment and will make 
prompt delivery on pro- 
duction parts in reason- 
able quantities. Call, 
wire or write General 
Ceramics Corporation, 
Keasbey, New Jersey. 
Please direct inquiries 
to Dept. ME. 





APPLICATION 


DESIRED PROPERTIES 


FREQUENCY 





FERRAMIC BODY 


SHAPES 





Filter inductors 


iF Transforn 


HighLLQ, magnetic stability, 
sometimes adjustable 


Moderat: 


 Q, high H, 





Antennae Cores — 


Wide Band 
Transformers 


Adi hi. a 


magnetic stability, 
adjustable 


~ Moderate Q, high, 
_magnetic stability 


High, moderately 
low loss 


Hight, moderately 





~ High}, moderate to highQ, 


Pulse Transformers _ 


Recording Heads 


low loss 


magnetic stability, as much 
as 10 to 1 adjustability with 
—— or biasing 

met! 

~ High, low loss, high 
saturation 

High i, low loss, high 
saturation, resistance 

to wear 


up to 200 kcs 
00 kcs-10 mcs 
10 mcs-80 mcs 


40 mcs 
ot 
510mes 
10.50 mcs 


~ 1 ke-400 kcs 


1 ke-1 me 

200 kcs-30 mcs 

10 mcs-100 mcs 

~ Same as Wide 
Band Transformers 


Upto100mcs 


- Pulse 


~ Audio, pulse 


~ 465 mcs 


“0-3","T-1" 
“Q.1" 
“G2” 


Materials for filter 
inductors apply 


” 


“2 ees 
2 ae - 

“0.3”, “T-1" 

“We 

“Q-1" 

“Q-2” 
“Same as Wide _ 
Band Transformers 
For high Qselective 
circuits, materials under 
filter inductors apply. 
For others, materials 
under wide band 
transformers apply 
~~ Materials under wide — 


band transformers 2 apply _ 


=F 
“0.3”, “T-1" 


Cup cores, toroids, 
C-cores, E-cores, 

__ Slugs" 

Cup cores, threaded 
cores, toroids 


~ Rods, flat strips 


~~ Cup cores, toroids, 


C-cores, E-cores 


~ Rods, threaded 


cores, tunable cup 

_ cores 

Threaded cores or 
rods for mechanical 
tuning . Toroids, 
C-cores, E-cores for 
biasing methods 


~ Cup cores, toroids, 


C-cores,E-cores 





GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress... Since 1906 
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PLUG IN ELECTRICAL CO CTIONS US, 


imlemiileb aller ratete olatiial. Eny > 


is 


9 — up to 41% on space 

av — up to 33% on installed cost 
Here’s a new concept in electro-magnetic clutches that add an 
even greater range of application to the already comprehensive 
Stearns line of over 100 standard clutch and clutch-brake com- 
binations. Stearns can serve your needs on equipment ranging 


from business machines to ball mills — and larger . . . will also 
custom-design units to your specific requirements. 


For complete data on the new 

“GS” line, call your local Stearns 

representative ... or write for 
BRAKES 


WAU Ke Bulletin 503E. 26 


ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 
4, > CLUTCHES 
Scon® ——— 
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age is 0-5 volts d-c into a 500,000 ohm 
load; 0-100 mv d-c into a 10,000 ohm 
load; or 0-50 mv d-c into a 5,000 ohm 
load. Linearity +0.1 per cent full scale; 
long term stability is +14 per cent. 
Will operate efficiently in ambient 
temperatures from —65 to +160 F. 
Fischer & Porter Co., 752 Jacksonville 


Rd., Hatboro, Pa. >558 


SILICON HIGH Q 
VARIABLE CAPACITOR 


Semicap has a Q of 1000+ at 1 me 
with a 10 to 1 capacity ratio well within 
its peak inverse voltage rating of —200 
volts d-c. Small size, high reliability 
and low power requirements make it 


suitable for automatic frequency con- 
trol, frequency modulation oscillators 
and bandpass, and filter networks. Has 
linear voltage vs frequency calibration, 
and virtual insensitivity to variations in 
temperature. Housing is hermetically 
sealed and shock-proof. International 
Rectifier Corporation, 1521 E. Grand 
Ave., El Segundo, Calif >559 


MAGNETIC SHIELDING 

FOR CABLES 

Bi-directional Netic Co-Netic foil 
strips have been developed for mag- 
netically and electrostatically shield- 
ing all types of cables. The material 
is applied in contraspiral wraps. This 
results in a semi-flexible non-pickup 
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Use genuine Allen tough-gripping 
fastening for your flush and 
streamlined surfaces 


Allen FLAT HEAD Cap Screws 


Allen Flat Head Cap Screws, in 
countersunk tapped holes, give you 
absolutely flush surfaces. Hex- 
socket wrenching entirely elimi- 
nates burred slots and protruding 
heads. Genuine Allen Flat Heads 
are ‘‘pressur-formd’’—long fibers 
of the metal are preserved uncut 


throughout the whole length of the 
screw. Allen’s exclusive Leader 
Point makes starting easier— 
prevents damage to lead thread. 
Class 3A fit; available in No. 4 
through %” diameters. Write for 
FREE samples, dimensions, and 
full details. 


Allen BUTTON HEAD Cap Screws 


to) 4 o3 


Where you can’t countersink— 
fastening thin metal parts like 
covers, access panels or guards, for 
example—Allen Button Head Cap 
Screws will give you the smooth, 
streamlined effect you want. Hex- 
socket wrenching assures a tighter 
hold—eliminates driver slips, 


raised metal slivers, and skids that 
can damage and mar parts and 
finish. ‘‘Pressur-formd,’’ like the 
Flat Heads above, for far greater 
strength at vital points. Leader 
Point. Class 3A fit. No. 4 through 
%” diameters. Write for FREE 
samples and full information. 


The cost of Allen Hex-Socket Cap Screws is only a minor 

fraction of your assembly costs ... be sure you’re getting 

the timesaving, cost-saving advantages of genuine Allens. 
MANUFACTURING COMPANY 


A L L on re Hartford 2, Connecticut, U.S.A. 


Stocked and sold by leading industrial distributors every where 


MEX-SOCKET SCREWS 





Ready in September . . . Allen’s great new plant! 
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LOW NOISE * 


MINIATURE CHOPPERS 
ty AIRPAX 


AIRPAX has developed a new series of miniature 
choppers characterized by extremely low noise* level 
for use in null seeking servo systems, instrument ampli- 
fiers, and similar applications. 


Series 2300 choppers operate from a 6.3 VOLT 
400 CPS source. Permanently adjusted contacts and 
AIRPAX armature design insure long life — over 5000 
operational hours! 


Drive coil leads are brought to top terminals mini- 
mizing drive and contact circuit coupling. Choppers are 
hermetically sealed for operation in any atmosphere. 


Although designed for dry or nearly dry circuits 
surges of 2 milliamperes at 100 volts do not change 
operational characteristics! 


Normal operating temperature range is — 65C to 
+ 100C. Extended temperature range choppers and 
variations of top terminal connectors and base headers, 
are also available from stock. 


* Se Wiltto -Vott —— 
- = ACTUAL SIZE 

















THE AIRPAX PRODUCTS COMPANY, CAMBRIDGE DIVISION 


CAMBRIDGE, MARYLAND 
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and non-radiating cable which elimi- 
nates effects on adjacent sensitive 
equipment because interference or 
noise does not penetrate the shielding. 
This permits components to be posi- 
tioned closer together, aiding military 
and other miniaturized designs. Shield- 
ing is non-shock sensitive, non-reten- 
tive and does not require periodic 
annealing. Magnetic Shield Div., Per- 
fection Mica Co., 1322 N. Elston Ave., 
Chicago 22, Ill. >560 


ROTARY SWITCH 


Type JL rotary multipole switch, with 
a maximum of eight contact positions 
and up to ten sections controlled by a 
single knob, is furnished to meet Bu- 
Ships Drawing 9000-S6 202-74422, with 


3, 5 or 10 sections. Modified Type JL 
can be furnished with any number of 
sections up to ten. Electrical rating is 
5 amp 125 volts a-c. 

Each section of the switch contains 
a rotor with movable contact that en- 
gages stationary terminals inside the 
insulating walls of a molded disk. Ro- 
tor movement can be unlimited in either 
direction, or limited to any number of 
the eight positions by placement of two 
stop screws in the rear plate. Electro 
Switch Corp., 167 King St., Weymouth 
88, Mass. >561 


MULTIPLIER PHOTOTUBE 


A new version of the 6655, multiplier 
phototube  6655-A features im- 
proved pulse-height resolution, reduced 
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3 New Midget Pliers by KLEIN 


Here is a new line of genuine Klein Pliers in oblique and long nosed See your distributor. 
patterns specially designed for wiring modern electronic assemblies No. 257-4 Oblique Cutting Plier. Size 4 in. 
or doing any close work in confined space. 321-4% Long Nose Plier 4 in, 


322-4 (Without Knurl) 4Y, in. 


These midgets are hardly longer than your favorite package of 224-44 End Cutting Plier 


cigarettes and their extremely small size will simplify many small 


close-tolerance jobs. Available with coil spring 
Available in oblique cutting, long nose with and without knurl, No. 257-4C Oblique Cutting Plier 
and end cutting pliers. 321-4%2C Long Nose Plier 


322-4C (Without Knurl) 
WEEE KLEIN & Sons 
Established 1857 Chicago, W.US.A 


224-4)AC End Cutting Plier 
7200 McCORMICK ROAD + CHICAGO 45, ILLINOIS 
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look at these advantages of 


IRIDITE 


FINISHES 


for 
CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 
OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimum equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 


IRIDITE + 14 and + 14-2 (Al-Coat) for ALUMINUM 

Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 
Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


IRIDITE 15 for MAGNESIUM 
Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most plete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies" in your classified 
phone book. 





Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC’'™:, ARP® Brighteners and 
Plating Chemicals— West Coast Licensee: L. H. Butcher Co. 
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transit-time variation, higher current 
amplification, and low dark current 
cver a wider range of operating volt- 
ages. Because of these various improve- 
ments, the 
performance in scintillation counters. 


6655-A gives superior 

The spectral response of the 6655-A 
covers the range from 3,000 to 65,000 
angstroms. Maximum response occurs 
in the blue region at approximately 
1400 angstroms. When operated at a 
supply voltage of 1000 volts, the 6655-A 
has a median luminous sensitivity of 
50 amp per lumen and a current ampli- 
fication of 900,000. Electron Tube Div., 
Radio Corp. of America, Harrison, 


eB > 562 


SEALED THERMAL RELAY 


\ one-time operating, single-pole ther- 
mal relay with a hermetic seal is 
designed for missile applications. 
Small size, positive operation, and 


convenience of location adjacent to 


desired components are advantages 
listed for the new product. When an 
electric signal is triggered, firing ef- 
fects the release of constrained con- 
tact, closing it upon a fixed contact 
point, and switch circuit permanently 
closes the circuit. Hughes Products, 
International Airport Station, Los An- 
geles 45, Calif. >563 


PRECISION-PUNCHED 
FABRICATED MICA PARTS 


Natural muscovite mica is available in 
a wide variety of forms and dimensions 
such as paper-thin shims and washers 
as well as complex, multi-holed, eye- 
letted fabrications and combinations 
with other metallic or nonmetallic ma- 
terials being produced for the electron- 
ics, instrument and guided missile 
fields. 


(Continued on page 182) 
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Where low dissipation factor is required! 














Oronitee POLYBUTENES 


are the answer to paper-insulated products 


Oronite Polybutenes used as an impregnating agent in paper wrapped 
high-voltage cable and in oil filled capacitors provide these superior properties: 
low dissipation factor, low coefficient of expansion, and excellent dielectric strength. 


Oronite Polybutenes are available in a wide range of viscosities— 
from 75 to 20,000 S.S.U. at 210° F. In addition to being used “‘as is’, 
Oronite Polybutenes are also used with conventional insulating oils 
to increase viscosities for various electrical applications. 


Oronite Polybutenes are service proven in capacitors and in high-voltage 
underground cables. Contact the Oronite office nearest you for 


Oronite—the original and the Polybutenes technical bulletin or product samples. 
major producer of POLYBUTENES 


iy ORONITE CHEMICAL COMPANY 


A CALIFORNIA CHEMICAL COMPANY SUBSIDIARY 
EXECUTIVE OFFICES « 200 Bush Street, San Francisco 20, California 


SALES OFFICES « New York, Boston, Wilmington, Chicago, Cincinnati, Cleveland, Houston, 
Tulsa, Los Angeles, San Francisco, Seattle 


Foreign Affiliate: California Chemical International, Inc., San Francisco, Geneva, Panama 
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| Some simple and complex insulating 
| parts are being punched from mica in 
thicknesses as low as 0.001 in. Forms 
range from simple square-cut or round, 
flexible blanks to parts with 40 or 
more holes of varying size and form. 


Ford Radio & Mica Corp., 536 63rd 
OVERLOAD PROTECTION “2s > 


FOR VALUABLE ELECTRONIC EQUIPMENT ,,1,,, ATURE TOROIDAL 


Jennings vacuum switches have more than | SIGNAL TRANSFORMER 
doubled the range of design possibilities 
open to electrical engineers because 

they are equally effective for fault 


For low-level applications requiring 
high impedance, low phase shift, and 





OQ current removal 


O * in primaries 











* in secondaries 
* in dc lines 





EMIMIN 


ae 


Extremely fast, reliable operation characterizes Jennings Vacuum 
Overload Circuit Breakers regardless of where they are used in the circuit. 
Positive interruption at first current zero in either high or low voltage ac 
circuits limits arc time to less than 8 milliseconds. Total operation, including 
relaying and arc time, is accomplished in one half to one cycle for the 
fastest fault current removal obtainable anywhere. Comparable dc inter- 
ruption at higher power levels is made possible by placing a capacitor and 
damping resistor in series across the switch contacts. 


Complete Overload Circuit Breaker units are composed of a 
high voltage instantaneous trip overcurrent relay, a N/O vacuum relay, 
and a control box, any of which may be purchased separately. Auxiliary 
2PDT contacts are available so that three phase circuits may be wired for 
simultaneous operation. 

Rapid recovery of very high dielectric strength achieves the short 
time, low energy arcing which results in remorkably long contact life. 
Metal loss from ¥ inch contacts per 1,000 operations is only 0.0002 inch 
for a 100 amp resistive load. Vacuum sealed contacts need no mainte- 
nance and eliminate the danger of fire and explosion. 


For more details on the finest in high speed overcurrent protection write 
Jennings today. 
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| minimum pickup, Series 791 units are 
used with input voltages as low as 
one-half microvolt. Toroidal design has 
nearly perfect coupling of primary and 


secondary, satisfactorily cancels pickup 
caused by stray fields. 

Turns ratios range from 1:1 to 
1:1000. Manufacturer will supply any 
ratio within this range as standard, 
im a case measuring | in. in diam and 
less than 1% in. thick. Weight is 0.5 
oz, temperature range —55 to -+-100 C. 
Units withstand extreme shock, are 
fully encapsulated and _ hermetically 
sealed to meet MIL-E-5272A and 
MIL-T-27A specifications. 

Line is designed for use on printed 
circuit boards or stacking on a single 
screw for chassis mounting. Arnold 
Magnetics Corp., 4615 W. Jefferson 
Blvd., Los Angeles 16, Calif. >565 


ENVIRONMENT-RESISTANT 
CONNECTORS 


“Real E” connectors are for use at 
400 F with limited operation at 500 F 
| while maintaining moisture-resistant 
performance. Although smaller and 
lighter than AN/MS types, “Real E” 
| connectors utilize AN/MS insert con- 
figurations and mate with other “E” 
types. Available with terminations for 
either wire crimp or brazing, “poke 
home” contacts are wired outside the 
connector, then poked home for assem- 
bly. They may be removed by means 
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YOU GET 
DOUBLE PROTECTION 


against corrosion... 
against falling 
or splashing liquids 


TYPE DP 
1 to 125 hp 


with WAGNER 
TYPE DP MOTORS 


designed to meet more 


application needs 


Wagner Type DP Motors offer the double protection of rugged corrosion- 
resistant cast iron frames and dripproof enclosures so well designed that 
the DP Motor can handle many applications that formerly required 
splashproof motors. 


These Wagner Motors are built in the new NEMA ratings that pack 
more power in less space, are lighter in weight and are easier to maintain. 


SLEEVE BEARING MODELS AVAILABLE 


The entire line of ratings through 125 hp is available with ball bearing 
construction as illustrated, or with steel-backed, babbitt lined sleeve 
bearings that have high load carrying capacity and provide quieter 
operation. 

Let a Wagner Sales Engineer show you how these motors can be applied 
to your needs. Call the nearest branch office or write for Wagner 


Bulletin MU-223. 


1 to 125 HP—1750 RPM—40°C 
NEMA FRAMES 182 through 445U 


Wagner Electric Corporation 


6400 Plymouth Ave., St. Louis 14, Missouri. 


Air intakes and outlets are positioned to provide complete 
dripproof protection. 


- >, 


DOUBLY PROTECTED— Wagner DP Motors offer the double 
protection of completely dripproof enclosures and rugged 
cast iron frames that can take rough handling and resist 
corrosion. 


CAN BE RELUBRICATED—Factory lubrication will last for 
many years in normal service—but openings are provided 
to permit the relubrication that adds years to motor life 
under severe conditions. 


COOL RUNNING—Specially designed baffles direct cool- 
ing air through the motor to reduce stator temperature— 


thus increasing motor life. Blowers, cast as part of the 
rotor, move large volumes of air without noise or vibration. 





YOU GET 
EXTRA PROTECTION 
against corrosive... 
abrasive or 
explosive elements 


TYPE EP 
Standard TEFC 
1 to 100 hp 
TYPE JP 
Explosion proof 
1 to 100 hp 


with Wagner totally enclosed motors... 


protected for longer motor life 


NEW NEMA FRAMES — These motors are built in the new NEMA 


Frame sizes from 182 through 445U, with ribs that add mechanical 


If you need motors that will keep production rates up that will give 
the continuity of service that is so important to automation... that will 
operate with complete dependability under the most severe conditions strength and increase the surface cooling area. Effective cooling system 


Wagner totally-enclosed motors are your soundest choice. adds to motor life 


Type EP Motors offer protection against corrosion, dust, abrasives, Let your Wagner Sales Engineer show you how these protected motors 


fumes, steel chips or filings. Type JP is explosion proof as well can bring you savings on initial motor costs, maintenance costs and 


designed and approved for use in explosive atmospheres. continuity of operation. 


1 TO 100 HORSEPOWER—4 POLE, 60 CYCLE—NEMA FRAMES 182 THROUGH 445U 


Wagner Electric Corporation 


6400 Plymouth Ave., St. Louis 14, Missouri. Branches and Distributors in All Principal Cities 


HEAVY DUTY BALL BEARINGS 


The ball bearings used in these motors are of 
the highest quality, with more than ample ca- 
pacity to provide long troublefree service under 
heavy loads. 


BEARINGS CAN BE RELUBRICATED 


Factory lubrication will last for many years under 
normal service, but openings are provided to 
permit relubrication that adds years to motor 
life under severe conditions. 


SEALS KEEP BEARINGS CLEAN 


Both ends of these motors have running shaft 
seals to keep the bearings clean. Bearing hous- 
ings ore effectively sealed to prevent escape 
of grease. 





of a tool. Female contacts are resistant | 


to test prod damage. 

Shells and coupling rings are alumi- 
num alloy with anodized finish; con- 
tacts are chromium copper with 
rhodium-over-silver plating; inserts 


and grommets are silicone rubber. | 


Amphenol Electronics Corp., 1830 
54 Ave., Chicago 50, III. >566 


STITCHED WIRING 


A new modular circuitry method de- 


signed to give greater reliability and | 
wae | 
conductivity than standard methods 


such as printed circuits involves stitch- 
ing wire to a standard terminal board 
with eyelets or eyelet terminals to form 
the complete circuit. 


Use of insulating sleeves allows wires | 


to be crossed so that all wiring is 


stitched to one side of the terminal | 
; : adeie@eeeneneeee @ eecoeoevoevonvevee eee eee e0 @ 
simply by cuting a wire and soldering | 
in a new lead. Other advantages include | 


board. Wiring changes may be made 


ease of assembly, since pigtails can be 


brought out for assembly of plugs | 


while the board is being stitched. With 
all wiring stitched to one side of the 
board, the dip soldering method may 
be used. 

In small production runs, costs of 
stitched wiring may be 14 to 1% that of 
other methods. Stitc hing time is little 
more than that required to set the eye- 
lets or terminals in place. Electronic 
Techniques, Inc., 13761 Saticoy St., 


Van Nuys, Calif. ~>567 


TACHOMETER GENERATOR 


New, economical tachometer generator 
featuring compact size and precision 
construction is designed for direct 
mounting to the driving motor without 
use of coupling devices. 

A-C output frequency is 4 times the 
fundamental motor speed, producing 
240 cycles at 3600 rpm. Alternating 
current is induced in the stator. Rotor 
flux is supplied by a permanent mag- 
net, eliminating need for brushes or 
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NEW 


LIGHT- 


WEIGHT 


Micro- 
miniature 


Reliable 


Relay af Versatile 


HUSKY STYLE 6 


Price Electric’s new Style 6 micro-miniature relay is a lightweight, crystal can 
style relay designed to give superior performance in miniaturized assemblies. 

Weighing only 0.5 ounce, the Husky Style 6 is engineered for the utmost 
simplicity—a simplicity that allows for mass production of a high quality, 
reliable relay that is as versatile as it is dependable. Termination can be pro- 
vided to meet most requirements. Style 6 meets the applicable requirements 
of military specifications and will perform continuously in ambients of —65C to 
+125C. This tiny Husky Relay will give excellent performance in guided mis- 
siles, computers, control systems, and other critical applications. 


For further details write for Bulletin Number 10. 


SPECIFICATIONS 


Ambient Temperature: —65C to 125C. 

Coil gp er we with 920 ohms +10% for 
26.5 VDC nominal operation. Coils, with differ- 
ent resistance values, are available for other 
voltages. 

Contact Arrangement—DPDT 

Contact Rating—2 amps. at 26.5 VDC or 115 
VAC resistive. 

Contact Resistance—0.05 ohms max. 

Dielectric Strength—1,000 volts RMS to case, 
500 volts RMS across open contacts. 
Enclosure—Hermetically sealed. 

Insulation Resistance—10,000 megohms mini- 
mum at 25C. 1,000 megohms minimum at 125C. 
Life—Minimum expectancy 100,000 operations. 
Military Specifications—Meets soeeeowe por- 
tions of MIL-R-25018 and MIL-R-5 

Mounting—Al! popular types or styles available. 
Operate and Release Times—5 millisecond maxi- 
mum. 

Shock—50 G for 11 milliseconds. 

patna in, solder and printed circuit 


Vibration— 10 to 55 a at 0.120” double ampli- 
ue. 55 to 2,000 cps at 20 G acceleration. 
Weight—0.5 oz. 
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For 
further 
details, 

write for 
BULLETIN CORPORATION 


NO 10 1500 Church St., Frederick, Maryland 
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actual size 


The “E” construction of AMPHENOL’s miniature, multi-con- 
tact electrical connectors pass a tough, new altitude-mois- 
ture resistance test which accurately simulates perform- 
ance conditions in new aircraft and missiles. Connectors 
are submerged in salt water and altitude-cycled to 80,000 
ft., to 65,000 ft. and then returned to room ambient pres- 
sure. Cycle lasts one hour; test is comprised of ten cycles. 
At the end of the test AMPHENOL MINNI E’s have a minimum 
insulation resistance of 1000 megohms, approximately ten 
times greater than that acceptable under MIL-C-5015C 
after moisture. 


MINNI E’s have stainless steel bayonet slots and pins, pro- 
viding greater durability and eliminating the wear en- 
countered with “hardcoat” and similar surface treatments 
of softer base metals. 


Both #16 ard #20 size socket contacts in MINNI E connec- 
tors resist test prod damage. The entering end of the socket 
has a one-piece stainless steel hood that excludes the en- 
trance of a pin .005” larger than the diameter of the mat- 
ing male contact. 


AMPHENOL’s Authorized Industrial Distributors 
stock MINNIE and other standard components, 
provide immediate service. 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 
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slip rings and giving virtually mainte- 
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Thousands rpm 


Either output frequency or voltage 
may be used for speed indication, as 
both are directly proportional to the 
rotor rpm. Motor may operate in either 
direction. Permanent magnet rotor is 
air stabilized for consistent output. De- 
sign incorporates a one-piece mount- 
ing ring, which can be economically 
adapted to customer specifications. 
Size is 41% in. diam, 21% in. long. Car- 
ter Motor Co., 2708A W. George St.. 
Chicago 18, Il. >568 


FHP DRIVE COMPONENTS 


Both Model SW-1 speed reducer and 
Model VP-1 variable speed pulley are 
molded of fiberglass-reinforced nylon 
except the machined shaft, worm gear, 
and tension spring. The SW-1 reducer 
provides reduction ratios of 10:1 to 
60:1 and can be furnished with solid 


or hollow output shaft. Weighs less 
than 3 oz and measures 3%4 in. high. 
Model VP-1 pulley has a range of 
214 times, with spring-loaded tension 
spring and shaft bores of 14, %6 and 
3g in, It measures 17% in. OD with a 
max 15, in. pitch diam for 14-in. 
V-belts. Model VP-2 in larger size is 
available for heavier duty. Typical 
applications are business machines, 
appliances and light machinery. Rampe 
Mfg. Co.. 14915 Woodworth Ave., 
Cleveland 10, Ohio. >569 


MAGNETIC TAPE FOR 
COMPUTER USE 


New sandwich-construction magnetic 
tape for computer and instrumentation 
|}use eliminates oxide rub-off, extends 
lequipment life and outwears conven- 
|tional instrumentation tapes by more 
|than 10 times. 

New tape has a thin, low-friction, 
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SPAULDING GIVE YOuU A HAND WITH YOUR 
TERMINAL BOARD PROBLEMS 


Specially trained Saies Engineers .. a broad choice of basic materials 
extensive fabricating facilities ..85 years of experience. These Spaulding assets 
are at your disposal for terminal board material selection, design or production. 
Spaulding’s variety of basic materials provide unique combinations of proper- 
ties to solve any problem in application. They have extremely high dielectric 
strength, low cold flow, good staking qualities, as well as toughness, chemical 
inertness, moisture resistance and dimensional stability. They are available fabri- 
cated to your exact specifications in completely uniform parts and in basic form 


Our 5 Plants such as sheets, rods and tubes. 

and ' : , . ; ’ ineer c , “ej 
iets meee Contact Spaulding. A Spaulding Sales Engineer can be at your office in a 
Sales Offices matter of hours with complete data on basic materials, fabricating service and 


Serve Every mnoinmeerti y assist: - 
industry engineering Ssistance, 


SPAULDING FIBRE COMPANY, INC. 


302 WHEELER STREET > TONAWANDA, NEW YORK 
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NEW high vibration-resistant 


THERMAL TIME DELAY RELAY 
“H’ series withstands 5-SOO cps | 


For missiles, aircraft, electronic equipment 
Time delays — 3 to 180 seconds 
Miniature . . . AC or DC 

e Hermetically sealed 

e Fast reset 


The “H” series is part of the Curtiss-Wright 
Thermal Time Delay Relay line which includes: 


4 


S-Snapper 
— double-throw, snap-action contacts 
IR, and STR 
— instant reset, voltage compensated 
MR and CR 
— fast reset, no contact chatter 
K,G and W 
— economical, low-cost, stocked 
For our new catalog, write or phone Electronics 
Division, Components Dept., Carlstadt, New 
Jersey, GEneva 8-4000. 


ELECTRONICS DIVISION 


CURTISS-WRIGHT= 


CORPORATION + CARLSTADT, N. J. 
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Better Coils begin with 
PARAFORMED PAPER TUBES 














| plastic layer over the magnetic coating 


which prevents the oxide from contact- 
ing the recording head at any time, 
thereby eliminating all wear on the ox- 
ide itself. 

Because the plastic layer is 50 micro- 
inches thick, critical head-to-tape con- 
tact is sufficiently intimate for all in- 
strumentation recording applications 
except those where extremely high fre- 
quency response is required. The new 
sandwich tape therefore provides great- 


er reliability and freedom from signal 


error, especially critical in digital com- 
puter applications. Minnesota Mining 
and Manufacturing Company, Dept. 
A8-224, St. Paul, Minn. >570 


DIGITAL READ-OUT 
COUNTERS 


New series of Productimeter digital 
read-out counters is designed for in- 
corporation into missile guidance, con- 
trol and ground support equipment. 
Servo driven, they give digital readings 
used in establishing position, direction, 


| and settings of guiding components. The 


single bank counter indicates in degrees 
and minutes, and has a unit wheel with 


| 50 graduations. The double bank 


No sharp outside edges to cut wire 

No need for wedges to tighten wire 
Permits winding coils to closer tolerances 
Allows faster stacking of wound coils 
Has full rigidity and physical strength 


ANY SIZE—SQUARE OR RECTANGULAR 
PARAFORMED paper tubes simplify coil wind- 
ing operations and speed production, yet cost no 
more. In the exclusive PARAFORM method of 
tube making, no artificial heat or pressure is used 
—Paraforming takes place at the time of spiral 
winding. Hi-Dielectric. Hi-Strength. Kraft, Fish SPIRAL WOUND 
Paper, Acetate, Red Rope or any combination Not Die Formed 
wound on automatic machines. Produced from 
stock arbors or special sizes engineered for ‘you. 


ied i 1 i li a Write on company 
Can also be supplied in regular or with slight bow } = 


PARAMOU NT PAPER TUBE CORP. ARBOR LIST 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA of over 2000 sizes 
* Manvtfacterers of Paper Tebing for the Electrical industry Since 1931 
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counter has the same resolution of 
reading, but reads increasing values on 


either side of a zero or null point. 


These ball bearing units feature low 


| torque, low moment of inertia, high 


speed, and long life. Durant Manu- 


| facturing Co., 1962 North Buffum St., 


Milwaukee 1, Wisc. >571 


HIGH PRESSURE HYDRAULIC 
CYLINDERS 


Powerdraulic Series is rated at 2000 
and 3000 psi non-shock hydraulic pres- 
sures and has a high safety factor. 
The cylinders have industry standard 
mounting dimensions and conform to 
JIC recommendations. 

There are 13 basic mounting styles 
available and a choice of rod sizes for 
each bore. By locating the seal on the 


ELECTRICAL MANUFACTURING 























SEPTEMBER 1958 


help sell 
more ranges 


i As low as 7c a foot 

Wi Withstand oven temperatures to 600° 
W@ Extruded in any color and shape 

WB Non-toxic, repels grease and fats 

i Low compression set 

Wi Good tear resistance 

WH Over 40 dies available 





“Give the lady what she wants” 


Stops unsightly vapor stains 
Reduces surface temperatures 
Keeps moisture inside 

Keeps kitchen cooler 
Minimizes oven door noise 
Gives better cooking results 


For prints of seal designs, 
engineering information and 
prices, write: 


PRODUCTS 


Manufacturers of Div. of WESTERN FELT WORKS 
SYNTHETIC RUBBER Dept. —, 4021 W. Ogden Ave., Chicago 23 
Extrusions, Lathe Cut, Sheets, Roll Goods, Manufacturers and Cutters of Wool Felt 
Molded and Die Cut Ports Branch Offices in Principal Cities 
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OIL-TIGHT and DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


All seams 
welded 


Standard sizes 
immediately 
available 

from stock 


outside diameter of the tube and con- 


Rolled lip 
adds stiffness, 
improves appearance 


Cover screw clamp, 
easy to operate, 
has no loose parts 


Removable 


panel mounted on 
shouldered studs 


Removable 
and reversible 
blue print pocket 


Neoprene casket 
seals out oil, 
water, dust 


SIZES 
SINGLE DOOR Wall-Mounted 
Units. 18 standard sizes 
ranging from 16°x12°x6" to 
60°x 36° 8”. 
TWO DOOR Floor- 
Mounted Units. 8 
standard sizes rang- 
ing from 54°x42°x8" 
to 72°x60"x12". 


NEW STANDARD 
CONTROL CONSOLES 


Designed especially for industrial 
use, these cabinets offer the same 
oil-tight and dust-tight advantages 
that feature “Hoffman” enclosures. 
Our standard 14 gauge steel units, 
shipped from stock, save you design 
expense and delivery time. Sloping 
control panel is removable so you 
can drill holes for pushbuttons, etc. 


An additional upright instrument 
panel as well as handy writing desk 
can be added if desired. All units 
have interior sub-panels. All doors 
and panels gasketed. Standard size 
is 23"x 17"x 40", or we can build 
to your specifications. 














“NEMA 12 PANEL 
ENCLOSURES 


These handsome units are ideal for housing 
electrical controls, terminal strips and control 
instruments. Strong, rigid, welded 
construction. Neoprene gasket on door 
protects against dust, dirt, oil, water. No 
knockouts or screw holes. Units are frequently 
used in purged or pressurized systems for 
installation in flammable or dust-laden 
atmospheres. Standard stock sizes, one door 
and two door units. Fast delivery. Made of 10, 
12 and 14 gauge sheet steel. White baked 
enamel interior, gray prime coat exterior. 


Stocked and sold by leading 
electrical distributors 





BUTTON 
BOXES 


Oil and dust- 

tight. 14 gauge 

sheet steel. 38 sizes 

in 4 types—Standard, 

Extra Deep, Slim, and Pendent. 

Made to take from 1 to 25 
pushbuttons of any make. 


sic 
WIRING 
BOXES 


Welded seoms, 

no knockouts or 

screw holes. 8 sizes. : 
Gasketed cover. 14 guuge 
sheet steel. Gray hammertone 
finish. Panel optional. 





SECTIONAL i 
WIREWAY 


Protects electrical wiring 

from oil, water, dust. Gasketed 
joints and cover. Comes in 1 to 
10 foot straight sections, with 
all fittings. Sizes: 242°, 4° 
and 6” squore. 


ht ENGINEERING CORPORATION 
Dept. EM-93 ANOKA, MINNESOTA, Phone HArrison 1-2240 
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Send for catalog 
with complete spec- 
ifications for your 
layout work. We 
can also build spe- 
cial enclosures to 
your specifications. 


fining it between the head and tube, 
expansion of the tube due to increasing 
hydraulic pressure squeezes the O-ring 
seal and makes the seal even tighter. 
There is also a choice of standard Vee 
or cartridge-type rod packings and a 
choice of metal piston rings or cup 
packings. Where heavy, 
loads are encountered, 


type piston 
high velocity 
precision cushions are available to pro- 
Hanna 
Engineering Works, 1765 Elston Ave.. 
Chicago 22, Il. >572 


vide calculated deceleration. 


PULSE TO SHAFT-POSITION 
CONVERTER 


The Model 8915 Rotostepper provides 
controlled CW or CCW shaft rotations 
in accurately positioned 2 deg incre- 
ments when a pulse of d-c voltage is 
applied. 

Stepping output is as rapid as 60 
steps per sec, unlimited rotation in 
either direction, and torque is pro- 


vided up to 14 oz-in. The input power 
requirement is 1 amp at 28 volts which 
can be applied for as short a time as 
10 millisec per step of output. A pre- 
cision potentiometer may be _ incorpo- 
rated within the housing for a divided 
voltage output proportional to shaft 
position. 

Mechanism consists of a gear wheel 
rotated by two powerful 
actuated ratchet pawls. Between im- 
pulses, the mechanism is locked in 
accurately located shaft positions by a 
spring-loaded detent. G. M. Giannini 
& Co., Inc., 918 East Green St., Pasa- 
dena, Calif. +573 


solenoid- 


HERMETICALLY SEALED 
LIMIT SWITCH 


The SBS-100A limit-switch is a_her- 
metically sealed, snap-action, precision 
type originally designed for control of 
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arin 


How’s this for something vastly better in hermetic 
seal terminals? Cracking and crazing have been 
eliminated! Extra-high surface resistivity is guar- 
anteed, even under severe moisture, foreign matter 
and lengthy storage conditions! 


IRC Type LT Terminals are molded of TEFLON 
FEP-fluorocarbon resin*. They are available in 
specifications, ratings, and types to meet all com- 
mercial and military needs . . . and are endowed 
with an exclusive, superior metal-to-plastic bond. 


Where job conditions require high insulation resis- 
tance, high physical thermal shock resistance, 
high are-over, zero moisture absorption, wide 
temperature range and miniaturization, these im- 


Where can you 
use this improved 


TEFLON 
RMETIC SEAL 
TERMINAL? 








CONSTRUCTION FEATURES 


A. Center Conductor 

Solid Lead Types are Phosphor Bronze. Tubular Leads are 
Copper or Brass. Other materials and lead shapes are 
available, if required, upon request. 


B. Body 
LT Terminal bodies are of Molded 
TEFLON FEP 


C. Solder Seal 
232°C melting point solder 





D. Copper Ring bonded to Plastic body 


E. Annular Copper Ring bonded to 
Plastic body 


F. All exposed metal is plated with 
30/70 tin-lead alloy for easy soldering 





proved IRC Type LT Terminals are for you. 


3 Standard Voltage Ratings—6 LEAD TYPES 


Available in any combination 








Terminol Voltage 
Series Rating LEAD TYPES 


CONDENSED SPECIFICATIONS: 


No-Leak Air Pressure Test (psig, 5 minutes) 
Minimum Terminal Pull Test (Ibs.) 

Torque Test (in.-oz.) 

Maximum Continuous Operating Temperature (°C) 
Short Time Operating Temperature (°C) 


*DuPont's Registered Trademark for its FEP-fluorocarbon resins 


oS ve, —- Write for Catalog Data 

gee | aoe Bulletin LT-1, containing full 
att specifications, dimensions and 
Beasat, Ee. installation recommendations. 


INTERNATIONAL RESISTANCE COMPANY + Dept. 294, 401 N. Broad St., Phila. 8, Penna. In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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MODEL 220-RT 


Features of Chatillon Running 
Torque Testers and Dynamometers 
for testing fractional H.P. motors: 


RANGES .1” ounce to 320” Ibs. 
CAPACITIES Up to 10,000 RPM 


POWER DISSIPATION: 
Continuous .... .013HP to .2HP 
J ae .025HP to .4HP 
15 minutes .... .O5HP to .SHP 
TORQUE ACCURACY: 
% or 4 of 1% of full load depend- 
ing on capacities. 
THERMOSTATICALLY protected 
against overheating. 
INTERCHANGEABLE SPRINGS 
of Chatillon Iso-Elastic® tem- 
perature-compensated material. 
19 different models of Running Torque 
Testers and Dynamometers are avail- 
able with varying capacities. WRITE 
for Chatillon’s illustrated brochure 
No. 811-B and let us recommend for 
your specific application. 


JOHN CHATILLON 
E SONS 


85 CLIFF STREET, NEW YORK, N.Y 
Manufacturers of Scales 
Force Measuring Instruments 
and Precision Springs Since 1835 
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multiple operations in military aircraft. 
Meets military specification MIL-S- 
6743. Features of the switch include: 
ample overtravel with positive stop; 


high contact (75 gr) pressure; large, | 


fine silver contacts; positive snap- 
action with no dead center, making it 
ideal for low cam rise applications; 
hermetically sealed against atmos- 
pheric conditions; withstands heavy 
shock and vibration; weighs approxi- 
mately 14 oz. Has been tested at 
more than two million operations with- 
out any malfunction. Sealectric Switch 
and Relay Corp., 6025 No. Keystone 
Ave., Chicago 30, Ill. >574 


SELF-LUBRICATING ELECTRIC 
MOTORS 


New electric motor line incorporates 
reservoirs and feed devices designed 
to admit oil to sleeve bearings in con- 
trolled quantity after original bearing 
lubricant is expended. 

A supply of the proper lubricant is 
contained in the visual reservoirs 
mounted on each motor end bell. Oil is 
retained in each reservoir by means of a 
mechanical stopper, permitting normal 


handling prior to installation without 
loss of lubricant from reservoir. 

After installation and at a_prede- 
termined length of operation time the 
lubricant is discharged to the bearing 
cavity. Oil is admitted only to a level 
required to feed the bearing. Level is 
controlled by a built-in oil-level con- 
trol tube. 

Motors are available in 4% to 144 hp 
ratings in 56-frame construction, drip- 
proof, open or totally enclosed con- | 
struction, and sleeve bearing equipped. 
Application-engineered specials are of- 
ferred to manufacturers’ requirements 
in additional ratings and types. Frank- | 
lin Electric Company, Inc., 116 E. | 
Washington St., Bluffton, Ind. 575 


(Continued on page 194) 
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Kee 
develops 
drafting 


surface 


on Du Pont 
Mylar® base for 


HERCULENE 


TRADEMARK 


Drafting Film 


Why unique? 

Only K&E has the skill and 90 

years’ experience that produced 

America’s most preferred trac- 

ing paper and tracing cloth. 

Now K&E is producing, on a 

Du Pont “Mylar” film base, an- 

other superb drafting medium. 

Herculene Drafting Film is su- 

perb four ways: 

e superb for pencil drafting 

e superb for ink work 

e superb for typewriting 

e and for all three — it has un- 
equalled erasing qualities. 

Convince yourself. We'll gladly 

send you a free sample of 

Herculene Drafting Film. Just 

fill in and mail the coupon. 


KEUFFEL & ESSER CO. 
Dept. EM-9, Hoboken, N. J. 


Please send me details and atest sheet 


of K&E Herculene Drafting Film 
Name 
Company 


Address 
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NOW AVAILABLE! 


New drafting films made with Du Pont Mylar’ 
resist tearing ... safeguard your investment 


HIGH TEAR STRENGTH .. . withstands 
roughest handling, many reproductiors. 


r 


OUTSTANDING STABILITY ...won't dry 


out or shrink... remains waterproof. 


P 2 


2. “gy 


Bro 
SUPERIOR TRANSLUCENCY .. .foster, 


more accurate printing ... fiber-free. 


GREATER FLEXIBILITY . . . rolls up re- 


peatedly without cracking ... lies flat. 


SEND FOR FREE SAMPLES. See for yourself the many per- 
formance advantages you get with new drafting films made 
with ““Mylar’’ polyester film. Send for your sample sheets 
today! Write E. I. du Pont de Nemours & Co. (Inc.), Film 
Dept., Room EM-9, Wilmington 98, Delaware. 
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Now you can safeguard your investment in costly origi- 
nal drawings by using the new pencil and ink drafting 
films made with Du Pont “Mylar’’* polyester film. 
What’s more, these tear-resistant drafting films cost no 
more than many grades of cloth! 

Look at the remarkable combination of benefits found 
in these new drafting films! They resist cracking .. . 
won’t embrittle with heat used in reproduction . 
won’t yellow with age . . . won’t soak up moisture or 
grease from hands... remain waterproof. Next time 
you order, specify drafting film made with “Mylar.” 


*"Mylar" is a registered trademark for Du Pont's brand of ¢ 


material 


olyester film. Du Pont makes th 
“Mylar"—most leading manufacturers of drafting 
nk drafting fi Pont “Mylar 


materials ore now offering per 


ms made with Du 


DU PONT 


MYLAR 


POLYESTER FIL™ 


REG. U.S. PaT OFF 
BETTER THINGS FOR BETTER LIVING 
« « » THROUGH CHEMISTRY 
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Now for the FIRST TIME 


FANSTEEL 


BLU-CAP 


TANTALUM CAPACITORS 


fae 


Developed by Fansteel to meet the current demand for a 


dependable, utility tantalum capacitor at prices that will fit 
it into almost any product where capacitor reliability in small 


sizes is desired. 


Fansteel BLU-CAP Capacitors are made in ratings from 


1.75 to 325 mfd., 6 to 125 wvdce. 
Engineering samples are available. Full details in Bulletin 6.120. 


* Trademark 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 


RELIABLE TANTALUM CAPACITORS SINCE 1930 
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MOMENTARY ACTUATOR 


A4-86 actuator is for momentary, “pos- 
itive feel” push-button application on 
panel mounting for instruments and 
components for ground support equip- 
ment. Plunger (0.323 in. diam) avail- 
able in standard black, other colors on 


special request. Size: 32 in. long, $2 
in. wide, i¢ in. high with 2 in. 
bushing for panel mounting. 

Operating characteristics: contact ar- 
rangement, (2) SPDT; operating 
force, approx 21 oz; contact pressure, 
60 gm; contact gap, 0.020 max; weight, 
approx 0.7 lb. 

Electrical rating: 150,000 @ 125/ 
250 volts a-c, 2.5 amp; 100,000 (@ 125 
250 volts a-c, 5.0 amp; 50,000 @ 30 
volts d-c, 2.5 amp ind; 50,000 @ 30 
volts d-c, 4.0 amp res. Electrosnap 
Corp., Switch Div., 4230 Lake St., 
Chicago 24, Ill. >576 


NEW COMPOUNDS FOR 
PROCESSING TITANIUM 
AND STEEL 


Two new chemical compounds improve 
the processing of titanium and _ steel 
alloys. One is a compound that inhibits 
the formation of tenacious scale on 
stainless steel, nickel-chrome, and al- 
loys of cobalt, titanium and copper 
during heat treatment. Eliminates the 
need of controlled atmosphere furnaces 
for high temperature heat treatment of 
these metals. Turco 4367 is used as a 
lubricant in the hot forming of titanium 
and hot flaring of titanium tubing; as a 
cold lubricant for forming 17-7 steel 
plate in the hydro press; and in the 
annealing of copper. 

The other chemical, “Ti-Form,” pre- 
vents gaseous contamination of pure 
and alloy titanium, permitting the 
metal’s heat treatment in an air at- 
mosphere. Eliminates embrittlement of 
titanium during elevated temperature 
heat treatment and has reduced warp- 
age during quenching by 60 per cent. 
Navan Products, Inc., North American 
Aviation, Inc., International Airport, 
Los Angeles 45, Calif. +577 


THREE NEW SILICONE 
RUBBER COMPOUNDS 
SE-525 is a tough 25-durometer com- 
pound suggested for molded and ex- 
truded seals, low pressure gaskets, 
cushions, and other parts where a 
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combination of toughness and low 
curometer is needed. Tensile strengths 


a 
run as high as 1000 psi, elongation up ] 
to 700 per cent, and Die B tear 2? 1] leS 
strengths up to 100 pounds per in. 


Compound readily surpasses all re- 
quirements of AMS 3332. 


SE-567 is a Class 500 or low tem- 
perature service compound. This 60- elds Wigs Le 
durometer hardness material has good 
flame resistance, is primarily suited 


for airframe seals and for wire and at 
cable applications where resistance to 
fiame is demanded. 

SE-565 is suited for seals and gaskets 


in the —150 to +500 F temperature . 4 
range. Typical physical properties in- In ivAe 


clude 1400 psi tensile strength, 600 per 
cent elongation, and 200 lb/in. tear 
strength. Components made from ma- 
terial meet Lockheed Aircraft Spec. 
LAC 1-934 and Boeing Spec. I-22, as 
well as AMS3346. General Electric Co.. 
Silicone Products Dept., Waterford, 
he >578 


400 CYCLE INVERTER 


Industrial 28-volt d-c to 400 cycle a-c 
inverter provides reliable performance 
and longer life than found in standard 
6000 rpm aircraft inverters. 

The ground support inverter can 
utilize a battery input of 20 to 30 











volts d-c, or any standard 28-volt d-c 
source. Output is 687 volt-amp, single 
phase, 115 volts, 400 cycles. Two- 
bearing unit is designed for operation 
in an ambient of —55 to -+-55 C. The 
integrally mounted regulator limits fre- 
quency and voltage to within 14% per 
cent of their rated values. Weight is 
under 100 lb and overall dimensions 
are 20 in. long, 9 in. wide and 9 in. 
high. The Louis Allis Co., 427 E. 
Stewart Street, Milwaukee 1, Wiscon- 
sin. >579 





MINIATURE PRECISION 
SWITCH 


Measuring 0.5 x 0.35 x 0.2 in. (on the 
case) and weighing 14s oz, Type SX 
switch has rating of 5 amp at 250 volts 
a-c and 30 volts d-c. Requires small 
stacking area when ganged on common 
mounting pins. Ten switches can be 
mounted per sq in. 

The case, cover and plunger are made SEPENDASLE REGTAFIE RS 
of high-strength plastic. Contacts are of 
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Thermostat 





7 


). 


‘ ‘ THE 
ome | LUMATROL| 
¢ Bimetal 
ACTUATES ANOTHER 





LIGHT SENSITIVE 
SWITCH 


PRECISION PRODUCT N\ 


A Product of Micro Balancing, Inc. Garden City Park, Long Island, N. Y. 


The Lumatro!l Model T is a tubeless photocontrol operated by a reliable 
thermostatic principle in conjunction with a large area photocell. This light 
turn-on control departs from convention in that it senses illumination from 
the zenith instead of from the north horizon. The Lumatrol’s plastic dome 
diffuses and integrates the visible light (such as nearby commercial light- 
ing) but does not transmit any ultra violet rays. Every component has reserve 
capacity and each control is equipped with a lightning arrester which per- 
mits its taking repeated lightning surges safely. 


The Lumatrol consists of a large area photocell, an ambient temperature 
compensating bimetal thermostat and a bimetal operated snap switch, both 
elements being Chace Thermostatic Bimetal. At darkness the photocell has 
a very high impedence and practically no current passes through the re- 
sistor R1. As the light increases, resistance decreases, passing a current 
through R1, thus raising its temperature. The thermostat senses this tem- 
perature and closes its contacts, allowing resistor R2, wound around a bimetal 
element, to heat up. The bending action of the bimetal opens the switch. 


The battle of such a delicate instrument against the forces of man and 
nature demands the utmost from such components as the thermostatic bimetal 
actuating elements. The faithful performance of this reliable control, day 
in and day out, even through its broad temperature range of — 40° to 
1 150°, is a fine tribute to the dependability of our precision product. It 
gives us added confidence that Chace’s policy of manufacturing one product 
exclusively for almost a third of a century is a sound one. 


When you design your new temperature actuated device, send for our 1958 
edition of “Successful Applications of Chace Thermostatic Bimetal” con- 
ining many pages of valuable engineering data. 


Ww. M. CHACE of o B 


1608 BEARD AVE., DETROIT 9, MICH. mam 
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fine silver, and snap-action spring is 
beryllium copper. Switch mounts 
through two 0.088-in. diam holes spaced 
on 0.188 centers. Terminal design per- 
mits wrap-around connections. Contact 
arrangement is SPDT. Operating force 
is 6 oz max, release force 1 oz min. 
Micro Switch, Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. ->580 


EPOXY-BASED ADHESIVE 


Bonds of over 5,000 pounds per sq in. 
on aluminum and steel can now be 
formed with a one-component epoxy 
based adhesive, Resiweld #105. It 
comes ready to use and hardens per- 
manently when cured at 350 F for 25 
to 40 min. 

Resiweld #105 is a thick liquid, 
metallic colored, and can be applied 
to metals and heat resistant non-metals 
by brush, trowel, caulking gun or 
pressure feed systems. Surfaces to be 
joined do not require clamping or 
other mechanical fastening during cure 
period. Bonds formed are resistant to 
moisture, water, temperature changes, 
solvents and most chemicals. H. B. 
Fuller Company, 255 Eagle St., Saint 


Paul 2, Minn. >581 


CRYSTAL FILTER 


New line of high performance pre- 
cision crystal filters features a unique 
design permitting center frequencies 
of 30 ke to 30 me and fractional band- 
widths of 0.01 to 6 per cent. Advan- 
tages listed for the new _ products 
include high frequency filtering, high 
selectivity, low passband ripple, low 
insertion loss, small size and weight, 
temperature stability, and excellent 
shock and vibration stability. 
Applications for the filters include: 
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TRANSISTORIZED 
PREDETERMINING 
COUNTERS 


e 5,000 counts per second —J 
e Instantaneous recycling 
e Increased reliability 

e Industrial design 


A versatile group of transis- 

torized production counters 

—————. designed for industrial appli- 

cations. Any number of decades can be furnished 
depending upon your requirements. 


Can be operated by non-technical help merely 
by setting the selector knobs to the pre-set 
quantity within the range of the instrument. 
These counters are ideal fer batch control, 
sequential predetermining, or accurate 

oe so control in such applications as 
packaging, coil winding, slitting, stacking 

and material handling. 


Hortford, Conn. * Greenville,S.C. * Altoona,Pa. * Chicago * New York 


The use of transistors means that heat — the 
enemy of reliability — has been eliminated. This 
reduces warm-up time and increases depend- 
ability. Printed circuits and simplified wiring 
further insure long trouble-free operations. 


Standard counters are completely enclosed in at- 
tractive industrial cases, but can also be sup- 
plied without enclosures for panel mounting. A 
photo head to actuate these counters can be fur- 
nished in many configurations. Batch totalizers 
with push-button reset and special modifications 
of basic components can be furnished on request. 


This is your complete package for predetermin- 
ing counting at high speeds. Send for your copy 
of the new specification bulletin outlining the 
complete range of the series 1604 counter line 
today. 


Veeder-Root 


INCORPORATED 
Hartford 2, Connecticut 


Los Angeles * SanFrancisco * Montreal * Offices and Agents in Principal Cities 
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Your local electronic parts 
distributor can give you fast 
delivery on hundreds of types 
of transformers designed and 
built in accordance with 
MIL-T-27A specifications. 
They are in stock, backed up 
by the largest factory inven- 
tory of military transformers 
in the industry. 


Ask your distributor for 
CHICAGO catalog CT3-57, 
listing detailed electrical and 
physical specifications on 
these units, or write to 
Chicago Standard Trans- 
former Corporation. 


TYPE 





RANGE OF RATINGS 





400 CYCLE 





Power 


Filter Reactors 
Filament 
Step-Down 


40 to 300 DCMA, 510 V. CT 
to 1100 V. CT 

40 to 300 DCMA, 2.0 henries 

6.3 V. CT, 3 to 20 Amp. 

140 Va, 28.5 V., 3 phase 





MILITARY STANDARD 





Power 


Filament 
Audio 


= fhe? a 
a .03 to 2.0 W 





TRANSISTOR AUDIO 





Input 
Interstage 


Driver 


Output 


60 2 pri., 
100 to 500 © pri., 
.03 to .25 W. 
100 to 2000 © pri., 
.05 to .5 W. 
20 to 9800 2 pri., 
.05 to 10.0 W. 


10 @ sec., .05 W. 
200 to 5000 2 sec., 


100 to 200 2 sec., 


4to 15 & sec., 





GENERAL TYPES 








Power 


Filter Reactor 
Filament 

Multiple Filament 
Audio Input 

Audio Output 
Saturable Transformers 


10 to 300 DCMA, 500 V. CT 

to 1100 V. CT 
10 to 300 DCMA, 8 to 15 henries 
5 to 10.0 V., 1.25 to 5.0 Amp. 
5 to 12.6 V., 1 to 6 Amp. 
50 to 20,000'2 pri., 150 - 50,000 2 sec. 
300 to 20,000 2 pri., 4 to 600 @ sec. 
2.7 to 18 W. power output 











t Under Military Reduced Inspection Quolity Assurance Plan (RIQAP) 


cHICAGD STANDARD TRANSFORMER CORPORATION 


3506 Addison Street, Chicago 18, Illinois 


Export Seles: Roburn Agencies, Inc. ¢ 
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431 Greenwich St. « 


New York 13, N.Y, 
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communications, carrier and 
single-sideband, teleme- 
tering, radar and navigation, doppler 
systems, missile guidance, frequency 
shift systems, spectrum analyzers and 
high selectivity amplifiers. Hughes 
Products, International Airport Sta- 
tion, Angeles 45, Calif. >582 


radio 
multiplexing, 


Los 


ELECTRIC MONITORING 
SYSTEM 


Model 4.010 detects variations in con- 
ditions of voltage, frequency and phase 
in any is capable of op- 
erating contactors, 
other devices in response to these con- 
ditions. used to any 
load from power faults either by de- 


power source, 
switches, alarms, o1 


Can be protect 


energizing it or switching it to another 
source of power. 

To prevent tripping of the protective 
and alarm devices by harmless tran- 
the ERC Monitor is provided 
with capacitive time delays in which 
capacitor discharge is used to supply 
the tripping current, thus eliminating 
the need for clock timers or thermal 
switches. 

Size is 


sients, 


16 x 161% x 4 in. overall. 
Other specifications provide for volt- 
ages from 6 to 440, frequencies from 25 
to 1600 cps, 3 phase-3 or 4 wire, any 
power factor; 0.2 sec response time; 5 
amp, 600 watt relaying capacity; ac- 
curacy of +2 per cent of setting or 
better, and time delay range from zero 
to 15 sec. Electric Regulator Corp.. 
Pearl St., Norwalk, Conn. >583 


100-AMP MERCURY SWITCH 


Capable of handling 100 amp at 115 
volts (70 amp at 230 volts), switch 
is fully compensated to accommodate 
large in-rush overload that accom- 
panies initial actuation. 

High current-carrying capacity 
makes possible its use in applications 
for which mercury switches have been 
considered unsuitable, such as direct 
control of motors and generators. 

Jena glass and other hard glasses 
are used to form the body and wells 
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_ available on Seuss? 


: e Agents in Jil principal cities 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Il Cleveland, O. 

Dayton, O. Milwaukee, Wis. 

Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Company, Hamden, Conn. 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St. Louis, Mo. 
Export Agent: Lionel-Essex International Corp., New York, N.Y. 
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is4 lamination of selected electrical 
g materials thoroughly bonded in 
x or triplex combinations. Typical of 
many Varslot materials available, for 
xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglast with Mylar 
are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “Fibergias"’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas’’t 
Cloth and Tapes 


“VARSLOT" Combination Siet Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 

Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and “Mylar’’* Polyester Film 
Kraft Paper and “Myler"* Polyester Film 
Vartex Varnished “‘Fibergias”? and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered tradcmark 


Circle 197 on page 17 199 





BW2 


* improved 
* faster 
* fully automatic 


rugged, versatile, 


BOBBIN winder 


high speed winder for 


bobbins, solenoids, resistors, relays and 
other random-wound coils. 


Write for bulletin BW 2 today! 


bs Tol todo Wp.s E-beheee- Tene ba bot-al Ole men 6 olen DT-bolehe ban aul Ole) ob oe 
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of the switch. A ceramic shield is 
fused solidly to the glass body to pro- 
vice protection against make-break 
sparking. Other heavy-duty switches, 
as well as standard switches with 
lower current carrying capacities, can 
be supplied to customer specifications. 
American Designed Components, Inc.., 


Jericho, Long Island. N. Y. ->584 


SHIELDED ZIPPER-TYPE 
WIRE AND CABLE TUBING 


Zipper-type cable and wire tubing com- 
bines a shield and jacket providing r-f, 
magnetic or nuclear-radiation shielding, 
according to construction. 

For regular r-f shielding, either the 
copper or an aluminum foil is lami- 


DURAKOOL 
Tilt Switches 


are the Life of your 


nated to a vinyl-saturated fiber glass to 
Tilted Down 


—VA 


Tilted Up 
—Off 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


‘Durakool 2:3", 
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Automatic Controls 


This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free a sg 
ance on the most difficult 
assignments you can find. 
Operating under sealed- 
in, pressurized hydrogen 
gas, it takes 24 hours, fast 
cycling schedules in stride. 
7 sizes, 1 to 65 amperes. 
Send for Bulletin D-49 


ALL- STEEL 
MERCURY 





provide immediate grounding of r-f and 
uhf interference. 

For magnetic shielding, Co-netic 
steel is laminated between any combi- 
nation of vinyl, Mylar and fiber glass 
insulation. 

For protection against nuclear radia- 
tion, vinyl-covered, lead-saturated glass 
cloth is used for the jacket. It may be 
zipped off when contaminated and re- 
placed with a new one. 

Available in inside diameters from *¢ 
in. up in increments of ¥ in. Standard 
color is gray and standard put-ups are 
25, 50, 100 and 300 ft. The Zippertub- 
ing Co., 752 So. San Pedro St., Los 
Angeles 14, Calif. >585 


TELEMETERING FILTERS 


New series of 18 telemetering band 
pass filters are said to be the smallest 
available. The TMN group covers all 
standard telemetering frequencies from 
400 cps to 70 ke with +7.5 per cent 
bandwidth. TMW _ group covers the 
frequencies from 22 to 70 ke with 
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Magnetic Metals Company offers 


a new improved HYMU “SO” 
for higher permeability laminations 


@ Through the use of newly de- 
veloped magnetic alloys, recently 
made available to Magnetic Metals 
Company, laminations of the type 
shown here are now obtainable in 
both .006” and .014” improved 
Hymu “80”. Permeability rejection 
levels at low inductions will aver- 
age 30 to 50 percent higher for these 
laminations thanare nowineffect for 


— — eS eee 


standard Hymu “80” laminations. 

Intensive work on the exacting 
details of annealing practices, as 
well as on melting and rolling 
techniques has made possible these 
superior characteristics. Stock will 
be maintained in both .006” and 
.014” material. Prices will be quoted 
upon inquiry based on quanti- 
ties required. 


Test set-up devised to check low induction permeability. 


@ MAGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 21st ST. » CAMDEN 1, N. J. 
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+15 per cent bandwidth. Units up to 
the TMN-1700 cycle unit employ a 
case 4,5 x 1% x 2 in., and weigh 3.5 
oz. All units for frequencies above 1700 
cycles employ a case with dimensions 
“360 x *4o x 13¢ in. and weigh 1.2 oz. 

Impedance is 100 k in and out and 
insertion loss is less than 6 db. Units 
are hermetically sealed and use a 4-pin 


header which matches the small Win- 
chester socket. United Transformer 
Corn... 150 Varick St.. New York 3, 
IN. >586 


TAPE-WOUND COPPER-FOIL 


© STRIP 
| Copper foil strip especially designed 


for use as tape-wound coils in pulse 
transformers is now in production. Slit 
to tape widths, the new transformer 
copper foil replaces heavier and bulkier 
wire, simplifies winding procedures, fa- 
cilitates handling. It is available in 
thicknesses down to 0.00025 in. 
Transformer copper foil is supplied 
either rolled or annealed. To aid trans- 


m APPLIANCE WIRE former manufacturers in the switch- 
subject: | over to copper tape, experimental-quan- 
tity orders as well as production runs 

| eee oa ee 


asbestos; silicone rubber; Teflon; Kel-F polyethylene; are available on written ae. oe 

company letterhead. American Silver 
nylon, etc. Company, 36-07 Prince St., Flushing 
54, N. Y. >587 


conductors: copper; nickel; nickel clad copper; nickel plated iron; 
aluminized iron. 


source: CONTINENTAL WIRE CORPORATION 


BRUSHLESS A-C GENERATORS 
A line of 50, 60 and 400-cycle brush- 
| less a-c generators is available in both 

single- and three-phase output for all 

standard commercial voltages. The 60- 
For complete information on the wide range of cycle, three-phase sizes extend from 


Continental insulated wires and cables, write or call | 5 to 400 kw and the 400 cycle from 
CONTINENTAL, Wallingford. 1 to 250 kw. 


They are available in single bearing 
Where heat . . . moisture ... cold... oil... grease... (Continued on page 206) 
corrosive vapors ... demand a reliably insulated wire 
or cable, be sure to specify CONTINENTAL. A wide range 
of types and sizes in stock, or to special order. 
Give amperage, voltage, diameter limitations, and 
operating temperatures and conditions when inquiring. 


Co%f 2 2F2E728F cr 
wizre corporation WALLINGFORD, CONN ¢ YORK, PENNA. 
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‘PASSES TESTS 
WITH FLYING COLORS 


MILITARY 
AIRCRAFT 
MOTOR 


Aircraft de-icing pump motor. 


Impact concrete drill motor. 


--- equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 
reserve to engine tanks. 


For such an important application, motor reliability far beyond 
that normally called for was needed. To insure this degree of reli- 
ability in its actual operation of driving the submerged pump, test 
requirements for the motor were exceptionally rigorous. 

As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 
withstand severe shock tests, the motor passed gruelling tests with 
flying colors. 

The skill and experience exemplified here is available to your com- 


pany to provide dependable power for your new or redesigned 
products. 


THE LAMB ELECTRIC COMPANY + KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Coneda: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


reactionat norserower MOTORS 
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MAKE IT OF ALCOA ALUMINUM BECAUSE 


A tremendous volume of switch- Low-cost, corrosion-resistant, Un- 
gear bus is installed every year. derwriters’ Laboratories approved, 
Aluminum bus is low cost, a good Alcoa Rigid Conduit has given ex- 
conductor, corrosion resistant and cellent service for over 30 years. 
easy to form. 


THESE PRODUCTS TAKE 
ADVANTAGE OF ALUMINUM’S 
LOW COST 
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You can cut costs substantially on the products you design 
and build by substituting aluminum for more expensive 
metals. Quality is not sacrificed in any way; in fact, in many 
cases you'll be building an improved product. When you 
design and build in aluminum, here’s how you benefit from 
its low cost: 


On busway and bus— Aluminum busway is less expensive 
than copper for 600-ampere capacity and larger. In addition, 
there are savings on labor costs with aluminum. 


On wire and cable—For equivalent current-carrying capac- 
ity you get twice as many feet of aluminum per pound, which 
results in savings for you. 


In fabrication— Aluminum is one of the most workable of 
all metals. It can be formed economically by all the usual 
metalworking processes, including spinning, bending and roll- 
forming. It can be cast, forged, extruded and drawn. In fact, 
aluminum yields good results with practically any fabricating 
technique. 


Alcoa wants you to take advantage of aluminum’s low cost 
in the products you design and build. There’s an Alcoa sales 
engineer near you who can offer competent advice. Look in 
the Yellow Pages of your telephone book under “Aluminum,” 
or write to Aluminum Company of America, 2315-J Alcoa 
Building, Pittsburgh 19, Pennsylvania. 


Aluminum wound transformer coils can save money for the manu- 
facturer and the customer. Not only is the initial cost of aluminum 
less than the conductor formerly used, but strip wound coil fits 
in better with modern automation processes. It offers better space 
factors, greater production speeds, and because of its ease in 
handling and light weight, continues to offer advantages that no 
other material can match 


ALCOA ©. | 


ALUAAINUAA | ALCOA THEATRE 


ELECTRICAL CONDUCTORS Fine Entertainment 
SORIES P 
AND ACCESSORIE Alternate Monday Evenings 
ALUMINUM COMPANY OF AMERICA 


Your Guide to the Best 
in Aluminum Value 


Today, small electric motors are This isolated phase bus system Collector rails on overhead indus- 
found practically everywhere. In employs aluminum for both conduc- trial cranes must be strong, efficient 
many applications they must be tor and protective enclosure. Alu- conductors and resistant to wear. 
light as well as economical. Alcoa’ minum is nonmagnetic, noncorrosive. Fabricated of Alcoa Aluminum, they 
Aluminum not only reduces weight, are not only efficient, but inexpen- 
but also reduces cost. sive, too. 
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and two bearing close-coupled design 
for direct connection to industrial en- 
gines and can be supplied in standard 
two-bearing design for belt drive 
applications. All spark producing com- 
ponents have been eliminated and 
replaced with rectifiers which change 
a portion of the a-c output to direct 
current, which is fed to the exciter. 
In addition to increased safety factor 
and elimination of brush and_ brush 
ring maintenance, size and weight of 
the machines are less compared to the 
conventional type alternator. Kato En- 
gineering Co., 1415 First Ave., Man- 
kato, Minn. >588 


WET ANODE TANTALUM 
CAPACITORS 


Sintered-anode electrolytic capacitors 
are small size for use in miniaturized 
circuits. They have low leakage cur- 
rents and power factors one-third to 
one-half the maximum limits specified 
in MIL-C-3965B over entire operating 


Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
Springdale, Conn., gives some “reasons why”: 


“Many of the gases examined by our infrared analyzers are 

able. We use Crouse-Hinds explosion-proof Condulets as 

a built-in feature of our highly sensitive instruments—to protect 

chemical and industrial plants, medical and experimental lab- 

oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- bes . 

dulet equipment for many reasons: Voltage range is ans to 75 volts with 

“First, of course, is the universal acceptance of explosion- average surge rating 20 per cent above 

proof Condulets by safety men everywhere. There is a large the working veep. Capacities range 

assortment of standard and special housings. We like the sim- from 3.5 to 325 pf depending upon case 
plified construction which provides easy access and plenty of size and working voltage. oh 

room for repairs and alterations. We know our customers like Cylindrical Se an eae oe long 

it, too.” by ‘99 in. diam, As in. long by %82 in. 

There are more than 15,000 items listed diam, and 4%4 in. long by 8¢ in. diam. 

in the Condulet Catalog: conduit fittings, Sintered tantalum body is sealed into 

lugs and receptacles, motor controls, silver case with a newly developed seal 

lighting fixtures, switches, hundreds of which provides ‘maximum protection 

others, both explosion-proof and conven- against electrolytic leakage. ITT Com- 

tional. Make your selections with confi- pants Dito, Seneie ee- 

dence. You get the best when you get phone and lelegraph Corp.. 100 Kings- 

ee Condulets. land Road, Clifton, N. J. +589 


7] DISTRIBUTION a 
exclusivety throven @ Our distributors have the facts. Or 


easevarens consult your telephone directory for 
<=aaeeee’ the nearest Crouse-Hinds Office. COPPER CLAD LAMINATES 


temperature range (—55 to +85 C). 


Laboratory tests indicate that the new 
“T” grade all-purpose copper-clad 


| epoxy-resin glass fabric reinforced lam- 
| jnates have an initial bond strength of 
a CO PAN 12 to 16 lb per in., exceed the require- 


ments of MIL-P-18177A. 


Main Office and Factory: Syracuse, N. Y. Besides exhibiting an unusually high 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. | bond strength, these universal laminates 

can be dip-soldered, electroplated or 

Sales offices in principal cities | vapor degreased and still retain their 

| high strength, electrical properties and 

FLOODLIGHTS TRAFFIC SIGNALS AIRPORT LIGHTING low moisture absorption. Bond strength 
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There are good reasons why these leaders 


look to LAU= 





THE BIG WHEEL in air moving 


Here's just Engineering advances such as Preslok® construction and 
a partial list Electro-Wheel Blowers. Delivery —quick and sure. Com- 
(OPE NE Ee petitive prices. Talk to any of our customers and you’ll 
Heil-Quaker Corporation find they have good reasons for calling Lau to help 
Henry Furnace Company them move air. Maybe that’s why we’ve grown each year 
International Heater Company until we sell more blowers and components than any 
Lennox Industries Inc. other manufacturer. And isn’t that a pretty good reason 
Mueller Climatrol Division for seeing Lau about your air moving problems? 
Worthington Corporation 
C. A. Cleon 30lg, Company Lau Blower Company, 2027 Home Ave., Dayton 17, Ohio. 


Peerless Corporation OTHER PLANTS at Irwindale, Calif., and Kitchener, Ont. 
Round Oak Company, Inc. 


Green Colonial, Inc. 


a 
ee al 
ae 
eel 
ee 
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Rybolt Heater Company 
Stewart-Warner Corporation Leaders look to these Lau Sales-Engineers for on-the-spot help... 
The Williamson Company 


Cincinnati 30, Ohio Dearborn, Michigan Kansas City 14, Missouri Seattle 55, Washington 
Don G. Jensen J. B. Wallace Charles L. Sigman William M. Peistrup 
6422 Glade Avenue 9 Byfield Lane 8906 Holly Avenue 19246 Lago Place 
Cleveland 24, Ohio Denver 2, Colorado Irwindale, California Syracuse, New York 
Charles C. Miley Ben T. Clark G. R. Mergenthaler Henry Seebach 

1561 Woodrow Avenue 1421 Court Place 15601 Arrow Highway 560 Allen Street 
Cranford, New Jersey Elmwood Park 35, Illinois Prairie Village 15, Kansas York, Pennsylvania 

E. C. Wolford William J. Lohrey Victor Stewart E. F. Humphrey 

11 English Village 2047 77th Avenue 7112 Buena Vista 327 Lambeth Drive 
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Transistors Subjected to Heat. 
Cold and Humidity 


... in this Gncinnati 
Sub-Zero Environ - 
mental Test Unit. 


Custom-built to specifications, 
a new model SU-40-8-HC Cin- 
cinnati Sub-Zero test unit is 
providing vital product data at 
Federal Telecommunications 
Laboratories, Palo Alto, Cali- 
fornia. Used to test transistors 
and other electronic compo- 
nents, it is adjustable from 
minus 50° to plus 200° F., while 
maintaining a relative humidity 
of 95% between plus 80° and 
160° F. Compact and portable, 
it is ideally suited for a variety 


of test applications. 


Model SU-40-8-HC 


tf you must have specific product reaction data at various temperatures, 
altitudes, humidities, etc., outline your requirements to us for a no-obligation 
recommendation on a unit built to your needs. 


‘Cincinnati Sub-Zero Products 


General Offices and Plant: 


Member Environmental Equipment Institute 
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“IMPOSSIBLE"PART 


die cast for 
MALLORY 


by GRC 


helped create higher 
rated, longer 
lasting switch 


Quick deliveries on 
quantities of 100,000 
to many millions. 

NO SIZE TOO SMALL! 
Max. weight 2 oz. 
Max. length 134” 


Write for 
detailed 
bulletin or 
send prints 
for quotation. 


3930 W-8 READING ROAD, CINCINNATI 29, OHIO 





“Impossible”, yes, by any other method. BUT—GRC’s 
unique single cavity die casting techniques made possible 
a detailed and complex actuating mechanism with ex- 
ceptional requirements of uniformity and accuracy. Inspired 
Mallory engineers to design a new and better switch 
around this GRC die cast mechanism! Just another in- 
stance in which GRC’s exclusive patented methods have 
solved a parts problem and 

opened the door to a new prod- 

uct . . . at substantial savings. 


GRIES REPRODUCER CORP. 
WORLD'S FOREMOST PRODUCER OF SMALL DIE CASTINGS 
149 Beechwood Avenue, New Rochelle, New York + NEw Rochelle 3-8600 
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after total immersion for 60 sec in 
500 F solder is over 15 lb per in. Three 
types of “T” grade are available: EG- 
751-T, satin weave with a high flexural 
strength; EG-752T, with a fine weave 
for very thin requirements; and EG- 
758-T, a square weave type with a very 
low warp or twist. The Mica Corp., 
4031 Elenda Street, Culver City, Cali- 
fornia. >590 


CHOPPER TRANSFORMERS 


Transformers efficiently transfer 30 to 
500 cps transducer or thermocouple 
signals to instrument amplifiers. Signal 
level range from 0.5 microvolts to 0.5 
volts. Resin impregnated to minimize 


mechanical vibration noise signal. Low 
hum pick up assured by 3 mu-metal 
and 2 copper shields. Accurate center 
taps and external electrostatic shield 
connection improve low-level opera- 
tion. 

Available on special order with 
plug in header and _ hermetically 
sealed. Microtran Company, Inc., 145 
E. Mineola Avenue, Valley Stream, 


Fee 8 > 591 


VOLTAGE REGULATOR WITH 
TRANSISTORIZED CONTROL 


Stabiline type EMT (electro-mechan- 
ical transistorized) automatic voltage 
regulators have a transistorized control 
circuit that detects changes in output 
voltage and supplies correction voltage 
to the motor-driven power circuit. It 
is a small, rugged assembly on a 
plug-in type chassis, will operate in 
any position. Ratings range from 2 to 
100 kva for 115, 230 or 460 volt, 
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Quality, value and adaptability \ 
in a line of 


eaned. / Metin... 


Leading manufacturers® of office machines, vending machines, industrial controls 
Vale me) dal-im@asl-toaar-Calfer-tm-Uilem-1i-Sen dd Qer-tmr-teler-(e-td0l-Mal-Wa-Medsles-t-1iM ii -14.01-0) Gel gam el-tor-10 ht Bele 


+ - 
SG-25—Torque range 1.2 to 
30 in. ibs. at 300 to 1 RPM. 
Durable, best suited for con- 
tinuous lengthy duty. Availa- 
ble in any mounting position. 
Horizontal mounting shown. 


OTE. 1ihavmamre | Ur-Tectane-x-X0 Ml oh am ol ¢=Yolf-Tfe]aba ate) o) ol-ve im al-t-)enda-v-) (-10 Me [-1-1 a 


with tolerances 


tne. order of ten dar usanatns 


f an inch 
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Mode! 300, Auxiliary—Torque 
range 25 to 300 in. Ibs. at 10 to 
% RPM. Extra heavy gearing 
with great compactness. 


f + 


f variable assembly of star 


Tandem Reversible—A dou- 
ble stator, 3-lead motor. Has 
greater torque than wound 
shading coil reversing type. 


Val 
Uda 


ge ant ecelal-1anG— 


Synchronous Motor—Recom- 
mended for use with SG-15 gear 
case which provides widest range 
of speeds. For instruments re- 
quiring clock time. 





SG-15—Torque range .4 to 
15 in. Ibs. at 800 to 1 RPM. 
Widest range of shaft speeds 
with maximum initial economy. 
Available in any mounting po- 
sition; vertical base type 


Closed Model, Auxiliary— 
Torque range 25 to 150 in. Ibs. 
at 10 to % RPM. Heavy en- 
closed gears for applications 
which require minimum atten- 
ation. 


Wound Shading Coil Revers- 
ible—For specialized control 
problems in instrumentation 
requiring less torque than tan- 
dem reversible models. 


Turntable Model 600—Offers dis- 
play manufacturers wide anima- 
tion possibilities, secondary mo- 
tion. Capacities to 500 ibs. for sur- 
face mounting; 30 Ibs. for sus- 
pended mounting; 50 ibs. for ver- 
tical disc display. 





$G-10—Torque range .6 to 
10 in Ibs. at 600 to 1 RPM. 
Compact, overcomes space 
limitations. Gives long, trou- 
ble-free service. Horizontal or 
vertical mounting surface. 


Listed torques and speeds are only suggestive of 


what can be furnished. 


Open Model, Auxiliary — 
Torque range 25 to 100 in. Ibs. 
at 10 to 24 RPM. Especially 
suited for use where substan- 
tial torque at low speeds and 
moderate cost are essential. 


Series or Shunt Wound Motor 
—Series universal wound, 
brush type for use on AC or 
DC, or shunt wound DC only. 


Transmission Units, Models 
PF950 & PF975—High efficiency 
gear reducers. Lowest cost. 
Standardized design. 222-1 gear 
ratio. Input 1725 RPM, output 8 
RPM. % & % HP input and 150 & 
225 ft. ibs. torque output. 


Form No. 5—General condensed eight page catalog on FHP geared motors 


and auxiliaries, showing dimensions and performance. 


Bulletin No. 1325—Distributors’ stock unit. Complete data on popular Model 
SG-15. Distributed nationally. 


Bulletin No. 2050—Twenty-four page catalog illustrating ‘20 Ways to Build 
Display Action" with Merkle-Korff Motiondiser turntables. 


Bulletin No. 1210B—Data on six popular Merkle-Korff Motiondiser turntables 
showing various capacities and mounting positions. 


211 NORTH MORGAN STREET - 


Representatives in Principal Cities 


CHICAGO 7, ILLINOIS 
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50/60 cycle, single or three-phase 
service; a frequency range of 47 to 
63 cycles or more; efficiency over 98 
per cent; very low internal impedance; 
virtually zero phase shift; high accu- 
racy and extreme reliability. Superior 
Electric Co., Dept. CU-58, 83 Laurel 
St., Bristol, Conn. >592 


SUBMINIATURE SEALED 
ROTARY SWITCH 


Series G subminiature sealed, rotary, 
circuit selector switch measures only 
1% in. in diam, weighs % oz, has been 
tested under extremes of temperature, 
humidity, corrosion, vibration, accelera- 
tion, shock and immersion. Designed 
for supersonic aircraft, handie-talkies, 


Feature 
Eetra-Short 


pack sets, frogman communications 
equipment, mobile equipment, other 


i } limited-space applications. 
ATROL i} All metal parts fabricated from cor- 
rosion-resistant materials; phenolics 
5 th | heavily filled with non-organic fibers 
Wt capable of withstanding high tempera- 
tures; switch contacts silver alloy; 
* ° ° wipers rhodium-plated beryllium cop- 
High Torque/Inertia Ratio per. Sixteen shorting and seven non- 


shorting switching arrangements pres- 


ently available. 
IMC’s BT-705 Size 8 Servo Motor (Pictured above actual size) performs critical Rated for: 100.000 cycle life: 125 C 
functions in missile computer network systems. A high torque to inertia ratio is | temperature; contacts 1 amp 250 volts 
achieved within the shortest length yet attainable from any other source. d-c resistive and 350 ma 100 volts d-c 
inductive; contact resistance less than 
0.008 ohm; dielectric strength 1000 
volts rms between terminals or to 
Particularly well suited to applications requiring high torque to inertia ratios, the | ground; low capacity between all parts. 
700 frame series can be supplied in outputs from 6 to 57 volts. Full data on the | The Daven Co., 536 W. Mt. Pleasant 
700 series available upon request. Ave., Livingston, N. J. 7593 


Miniaturized for aircraft and missile applications, the BT-705 meets MIL-E-5272A 
and operates within an extended temperature range of —55°C to +125°C. 


cca ogy — 700 FRAME MOTORS aie dean Fixed see Control a PIEZOELECTRIC 

y, oltage 

Stall Torque, Oz. In. 0.30 *Current, amperes 0.144 0.144 ACCELEROMETERS 

No Load: Speed, RPM 6200 *Power Input, watts 3 3 , : ey ae . 

Max. Power Output, watts 0.45 | *Power Factor 0.76 0.76 Glennite AXT-Series high temperature, 
Torque @ Max. Power Output, Oz. In. 0.175 | *R, ohms 137 137 self-generating accelerometers are ca- 
Speed @ Max. Power Output, RPM 3500 *X, ohms 117 117 hie of conti : eat at te 
Rotor inertia, gm cm? 0.65 *Z, ohms 180 180 pable of continuous operation a m- 
*Theoretical Acceleration, rad/sec: 32,600 | *Effective Resistance, ohms 237 237 peratures from —100 to +-500 F, with 
Weight, Oz. 1.6 | *Parallel Tuning Condenser 

for Unity P.F., ufd 1.4 1.4 . . . 
*MEASURED AT STALL reading. Features bender type piezo- 


electric construction, which provides 
superior performance in low acoustic 
sensitivity, extremely small size, light 
weight and high frequency response. 
The units are available with resonant 
frequencies as high as 30 ke and sen- 
sitivities of up to 10 mv/g. They are 





an accuracy of +5 per cent of actual 
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SETTINGS MADE WITH BOURNS POTENTIOMETERS REMAIN STABLE 


... VIRTUALLY IMMUNE TO SHOCK, VIBRATION, ACCELERATION! 


Even in the most severe dynamic environments, settings made with Bourns 

TRIMPOT® potentiometers remain stable. Unlike the conventional single-turn 
rotary potentiometer shown at the right, the Bourns potentiometer is unaffected 
by shock, vibration and acceleration. The open view at the left shows 
the basic design. The short, low-mass wiper has a translatory rather than a 
rotary motion, and is affixed to a plastic block. A slotted, stainless steel 
lead-screw drives the plastic block smoothly and positively between end points. 

No lock-nuts to set. No readjustments. Electrical settings stay put 


able with ted rcuit pir 


Wie | BOURNS 


TRIMPOT Model 


Summary Brochure. Laboratories, Inc. 





P. ©. Box 2112-E, Riverside, California 
In Canada: Douglas Randall (Canada), Ltd., licensee 


ACTUAL SIZE : ORIGINATORS OF TRIMPOT® AND TRIMIT® 
PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRESSURE AND ACCELERATION 
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5 watt capacity —- 
2 watt size 


Centralab MODEL 4 


Miniature Wirewound Radiohms » 


5 WATT 
CENTRALAB 
MODEL 4 
WIREWOUND 


CENTRALAB 
THERMO-PASS 
INSULATION 


As you know, the rating and size of a variable 
resistor depends upon the speed with which 
heat can be transferred from the resistance ele- 
ment to the atmosphere. Centralab ‘“‘thermo- 
pass” insulation combines exceptional heat 
transfer with a dielectric strength of 4500 volts 
per mil at 25° C. Result: Model 4 Radiohm, a 
conservatively rated 5 watt wirewound variable 
resistor smaller than a conventional 2 watt unit. 


Only 15%” diameter by %¢” deep. 


Resistance range, 1 ohm to 15K ohms; 
linear taper. 

295° rotation, stop strength 15 inch 
pounds. 

Minimum life, 25,000 complete cycles. 
Totally enclosed elements. 


For detailed information write for Centralab 

Engineering Bulletin EP-493 or contact your ACTUAL SIZE 
Centralab sales representative. Ask your local 

distributor about the many values he carries in 

stock in the WW and WN series (listed in 

Catalog 30). 


A DIVISION OF GLOBE-UNION, INC 
962-5 E. KEEFE AVE. © MILWAUKEE 1, WIS. 
In Canada: 804 Mt. Pleasant Rd. ¢ Toronto, Ontario 


VARIABLE RESISTORS ® PACKAGED ELECTRONIC CIRCUITS ©@ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS e ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 
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designed for the measurement of shock 
and vibration in aircraft and missiles 
and cover a range of 1/100 g to 1000 
g over frequencies of 3 to 10,000 eps. 
Gulton Industries. 212 Durham Ave.., 
Metuchen, N. J. 594 


PERMANENT EPOXY 
MARKING INK 


Isocote 1001 provides the electronics 
industry with a convenient permanent 
marking ink which flows readily 
through standard flow pens for color 
coding. Available in all colors, ink has 
a one-year shelf life, but cures in 30 
to 40 min. The fully hardened ink is 
unaffected by hot degreaser vapors or 
fluids, which is important when com- 
pleted assemblies must be cleaned of 
wax and soldering fluxes with tri- 
chlorethylene. 

Isocote 1001 adheres tenaciously to 
metals. phenolics, polyesters, epoxy 
laminates and to most other types of 
materials. After application, ink is 
baked for 30 min at 165 C. No pre- 
cautions are necessary since ink con- 
tains no solvents or volatile diluents. 
Isochem Resins Corp., 221 Oak St., 
Providence 9, R. I. —>595 


MINIATURE IMPULSE 
LATCHING RELAY 

Relay SLIODPB has been designed to 
meet the requirements of airborne and 
missile applications, per MIL-R-5757 
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Leesona No. 108 Coil Winders wind transformer coils for the Sorensen Model MR36-30 
Magnetic Ranger, a wide range regulated DC power supply, delivering 5-36 VDC at 0-30 


amps, designed and manufactured by Sorensen & Co., 


ne., South Norwalk, Connecticut. 


High Accuracy... 


that’s why SORENSEN & CO. chose 
Leesona® No. 108 Coil Winders 


Sorensen & Co., Inc. — leader in 
the field of regulated power supplies 
— designed the Sorensen Magnetic 
Ranger used in missile and aircraft 
test systems — and it chose Leesona 
108’s to wind the transformer coils. 

At Sorensen, where accuracy, speed, 
and economical operation are always 
critical factors, this was not a radical 
decision. Leesona machines have been 
winding Sorensen’s transformer coils 
for years — and doing a superior job 
all along. 

Leesona No. 108 is a precision ma- 
chine with controls that can be ad- 


justed to your coil winding problems. 
Quick set-up, easy operation. Accom- 
modates wire sizes from No. 20 to 
No. 42 and finer, winds up to 30 coils 
at a time. Reversing clutch increases 
accuracy, decreases wear. 


Many More Special Features 

Find out the facts and figures show- 
ing exactly how you can heighten your 
coil winding accuracy while cutting 
winding costs with a flexible Leesona 
No. 108 Hand Feed Coil Winder. 
Write for details on this and other coil 


winding machines. 
2387.12 


. p UNIVERSAL WINDING COMPANY 


FOR WINDING COILS IN QUANTITY .. . ACCURATELY 


+++ USE LEESONA WINDING MACHINES 
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Universal Winding Company 
P.O. Box 1605, Providence 1 
Rhode Island, Dept. 139 


Please send me: 


‘= Bulletin on the Leesona No. 108 
Hand Feed Coil Winders. 


Condensed catalog of 


Leesona Winders. 





The RIGHT rivet, plus the RIGHT riveting machine will 
produce a fastened assembly at the RIGHT low cost 


The correct combination of rivet and ma- 
chine requires expert knowledge available to 
you through Chicago Rivet engineers. 

Anticipated production, type of materials 
to be fastened, assembly shape and its ex- 
pected service life are factors to be consid- 
ered. Decisions must be made on a rivet 
metal or alloy. Type and size of rivet, shape 
of head and shank, depth of tubular section 
must be all determined. Are indexing fixtures 
and multiple setters indicated? Can a stand- 
ard rather than a special rivet be used? 
These are the type of questions Chicago 
Rivet Engineers are daily answering for in- 
dustry. Their recommendations are avail- 
able to you without cost. We suggest you 
send a blueprint or sample assembly with 
your inquiry. 
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Tubular or Split 
Rivets At a Time 





948 South 25th Avenue 


FOR YOUR FILES 


Rivet catalog describ- 


Bellwood Ill. (Chicago Suburb) ing 1388 stondard tu- 


ar and split rivets 


Branch Factory: Tyrone, Pa. 


rivet setters. 
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and 26 single and 
multiple automatic 





and MIL-R-6106. Temperature range 
is —65 to +125 C. 

This manual reset relay is available 
with up to one additional double throw 
switch if required. Unit operates on 
15 millisec pulse and is available for 
60 to 400 cycle operation internally 
rectified. Measures 15g x 1%6 x 2 in. 
Electro-Mechanical Specialties Co., 
Inc., 1016 N. Highland Ave., Los An- 
geles 38, Calif. >596 


PERFORATED TAPE READER 


\ completely transistorized perforated 
tape strip reader, the “909,” provides 
an accurate and economical means for 
processing information on _ perforated 
tape strips into digital data computer 


systems. Unit is suitable for rack or 
console mounting. Some of its features 
are: character reading speeds up to 
1000 char./sec; simple in-line thread- 
ing; 3-millisec starting time; photo 
diode head reads any 5, 6, 7 or 8 level 
tape with sprocket channel. Ambient 
temperature up to 125 F with 10,000 
hr life. Potter Instrument Co., Sunny- 


side Blvd., Plainview, N. Y. ~>597 


LAMINATED FIBERGLASS 
TUBING 


Tuff-Tube laminated fiberglass-epoxy 
tubing is a continuous weave, homo- 
geneous laminate with no seams, dry 
spots, spalls, porosity or bubbles. It 
has smooth walls and_ near-perfect 
concentricity throughout its length. 
\vailable in almost any cross-section 
shape in sizes from 0.062 to 6.00 in. 
ID, tubing walls may be as thin as 
0.008 in. with lengths up to 9 ft. Insu- 
lation resistance, 100,000 megohms; 
dielectric strength, short time, 500 
volts/mil; water absorption, 24 hr. 


’ 
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SPRINKLER KNOBS TYPEWRITER BARS, KEYS, KNOBS CARD TABULATOR BRUSH DIVIDERS 
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BUSINESS MACHINE TIMER CAMS "ADDING MACHINE HOUSINGS 


...the tough new plastic for equipment parts! 


Write for IMPLEX booklet, technical assistance on specific applications, and names of qualified IMPLEX molders. 


Tough IMPLEX, a modified acrylic for injection molding, i 

, ks Chemicals for Industry 
offers cost reduction opportunities to manufacturers of FR] 
many types of equipment and components. What’s more, ROHM & HAAS 
cost reduction may be accompanied by performance == COMPANY 
improvement, for IMPLEX has a remarkable combination of : WASHINGTON SQUARE, PHRLABELPISA 5, PA. 

° . e . ° a Representatives in princi, 7 nies 

physical properties. It imparts toughness . . . stain resist- : = ds ies peaibeapiaase 
ance . . . stiffness . . . high surface gloss .. . corrosion resist- canadian Distributor: Crystal Glass & Plastics, Lid., 130 
ance... dimensional stability... freedom from unpleasant  @veen’s Quay East, Toronto, Ontario, Canada. 


f IMPLEX is a trademark, Reg. U.S. Pat. Off. and in 
odor... and ease of molding to complex shapes. principal foreign countries. 
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Photomicrograph 
shows comparative 
grain structure of 
ordinary phosphor 
bronze (left) and 
finer, more uniform 
Flexograin. 


TESTS PROVE BETTER FATIGUE LIFE 


with Flexograin 


Only a specialty mill in phosphor 
bronze could produce a product 
like Flexograin —a uniform, fine- 
grain phosphor bronze with sub- 
stantially better fatigue life. Tests 
prove that Flexograin withstands 
stress and strain that would cause 
failure in ordinary, coarse-grain 
phosphor bronze. Even after tor- 
turous forming operations, 
Flexograin, with its higher duc- 
tility, maintains its smooth, 


bright surface finish. 


phosphor bronze 


Riverside-Alloy technical experts 
don’t just accommodate phos- 
phor bronze inquiries —they 
concentrate on them. Chances 
are, they can suggest new uses 
for Flexograin that will save you 
money. Wire, write, or call for 
complete details. And for free 
technical bulletin, T-4, which 
describes the properties and uses 
of Flexograin, write today to— 
Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., 
Riverside, N. J. 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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| sion, 
| Keeler Ave., Chicago 39, II]. 





immersion, 0.20 per cent; axial com- 
pressive strength, 20,000 psi. Lamtex 


| Industries, Inc., 51 State St., Westbury, 


| N. Y. 
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| HIGH CAPACITY 


SUBMINIATURE SWITCH 


| Type 16 subminiature switch in three 


terminal styles and a wide variety of 
actuators is also supplied in a reset 


| model with side or end terminals. With 


exceptional shock and vibration resis- 


tance, Type 16 measures 4 x “46 x ™%42 
in. and has doublebreak contacts. It 


| can carry 10 amp at 30 volts d-c induc- 
| tive current (L/R 
| sistently operates through 20 million life 


0.026) and con- 
cycles. Licon Switch and Control Divi- 


Illinois Tool Works, 2501 N. 
>599 


MINIATURE 4PDT, 


| 20 AMP RELAY 
Relay 


designed to 
airborne and 


been 


E£420D has 


meet requirements for 


| missile applications per MIL-R-5757B 
| and MIL-R-6106B. 


This contact rating in a small pack- 


| age with 0.005 contact resistance en- 
| ables design engineers to save both 
| chassis area and weight. Unit is 1% x 


1%4s x 2 in., exclusive of connector. 
Electro-Mechanical Specialties Co., Inc., 
1016 No. Highland Ave., Los Angeles 
38, Calif. ->600 
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ALLEN-BRADLEY 


OITIOHT 


LIMIT SWITCHES 


seceeacarrratre 
4 seteene 





WOBBLE 
STICK TYPE 


AB 





\duALITYA 





Ta, 


ing, 


SIDE FORK LEVER ADJUSTABLE 
PUSH ROD TYPE ROD 


¢= OIL SEALED HEAD 
. AND BODY 


assure reliable operation 


Completely sealed . . . oil, dirt, and metal 
chips cannot foul up contacts or operating 
mechanism. Operating heads are inter- 
changeable—can be mounted in any one of 
four positions. New ‘‘wobble stick’’ heads 
operate in any direction. All of these limit 
switches have maintenance free, double 
break, silver alloy contacts. Specify Allen- 
Bradley —the quality line of limit switches. 


MOTOR 





TOP PUSH ROD 
WITH PLASTIC 
WINDOW 


ROLLER LEVER 
FOR CAVITY 
MOUNTING 


ofe] Ba cel & 


BULLETIN 802T 


Push roller, oiltight 
limit switch, showing 
rubber grommeted 
wiring hole on back 
of “manifold” type, 
used on above auto- 
matic production ma- 
chine made by Cross 
Company, Detroit. 


ADJUSTABLE 
ROLLER 
LEVER 

















E ONLY LINE OF 


” D. . 
MOTOR STARTERS 


with modern 


SOLENOID 
CONTACTORS 


With Allen-Bradley, you get D. C. motor control 
that is completely modern! It uses the simplest 
switching mechanism yet conceived . . . the sole- 
noid contactor with only ONE moving part. 
There are no bearings to stick ...no jumpers 
to break. This assures millions of trouble free 
operations. And the double break, silver alloy 
contacts never need maintenance. Available in 
ratings up through Size 4. Write for details. 









QUALITY 


CONTACTORS 


Bulletin 202 sole- Bulletin 205 full volt- Bulletin 209 full volt- 
noid type contactor. age reversing starter. age storter. Available 
In ratings fo 150 | Ratings to 1% hp, in ratings up to 112 
amp. Also, clapper | 115 v; 2 hp, 230 v. hp, 115 v; 2 hp, 230 v. 
type to 600 amperes. l 


REDUCED VOLTAGE STARTERS 





Bulletin 267 automatic time limit resistor type starters. Non- 
reversing (left) and reversing (right). Solenoid type to 20 hp, 
115 v; 40 hp, 230 v. Clapper to 75 hp, 115 v; 150 hp, 230 v. 


9-58-MR 


ALLEN-BRADLEY [igeem 


In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario 





rn 





Laboratory 


Engineering 
Equipment 





MAGAZINE-FED POWER 
SCREWDRIVER 


New types of positive control clutch, 
hopper driving mechanism, feed track 
and solenoid operated escapement 
mechanism are incorporated in the 
Model U screwdriver. Available as a 
floor-type machine or without the floor 
pedestal, or as a completely self-con- 
tained driving head for use in auto- 
matic assembly machines incorporating 
straightline transfers, etc. 


mh 


Has a driving range of from No. 6 x 
*16 in. long to No. 4 x 1% in. long 
screws. Has no exposed moving parts. 
Clutch is adjustable from a minimum 
of 15 in.-lb to a maximum of 120 
in.-lb. 

Barrel type feeder is driven from 
the main spindle drive motor through 
a flexible shaft and a gearless mechan- 
ism requiring no lubrication. The screw 
feeder tracks are adjustable and the 
solenoid-operated escapement releases 
screws by cutting off either on the body 
of the screw or on the head. Spindle 
stroke is actuated by an air cylinder 
and a pressure regulating valve. De- 
troit Power Screw-Driver Co., Subsid. 
of Link-Belt Co., 2801 West Fort St., 
Detroit 16, Mich. > 601 


MACHINABLE DIALLYL 
PHTHALATE PLASTIC 


Engineers preparing prototypes made 
of diallyl phthalate plastic may obtain 
prototype blanks at cost. Blanks are 
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for the exact commutator 


Many of our production ma- 
chines are designed and built 
by Nippert. Here is one of sev- 
eral commutator Dovetail 
Forming Machines. 





] THE NEW ALLOY THAT 
BREAKS HEAT BARRIERS 





Be Se FMT AN 


Write for this new brochure. 
It contains complete technical 
data on N-4— the new alloy 
that breaks heat barriers. 


COMMUTATORS 


& 


SLIP RINGS 


COMMUTATOR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 





to fit the job 


CREATIVE ENGINEERING 


Nippert commutators are not only de- 
signed specifically for the job — they are 
manufactured precisely to the design, an 
advantage made possible by exclusive 
techniques that eliminate the need for 
segment dies. This means precision com- 
mutators, custom built to your exact re- 
quirements, yet produced economically in 


any quantity. Sizes from 3 to 4 inches. 


THE RIGHT MATERIALS 


Nippert offers silver-bearing copper, 
OFHC® copper, and silver; shellac, alkyd- 
vinyl and silicone bonded mica. Nippert 
researched and developed N-4 alloy 
(Zr-Cu) used in regular production of 
Nippert commutators for critical high- 
temperature, high-rpm and severe-vibra- 


tion applications. 


CONTROLLED PRODUCTION 


We draw our own copper, grind our own 
mica, manufacture our own steel com- 
ponents. Our completely equipped plant 

. . with specialized machines for every 
operation, with ability to mass produce 
. .. is your key to lower costs consistent 
with quality. 


Send us your application specifications. 


ELECTRIC PRODUCTS CO 
1759 W. Mound St. * BRoadway 4-1116 
Columbus 23, Ohio 
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“ A dependable source .. 
for Porcelain, Steatite, 
Refractory and Filter parts 
... that’s the Wisconsin 


Over 32 years of uninterrupted 
plant operation has established our 
reputation for dependable service and 
‘kept’ delivery promises. 


When you need ceramic parts of 
great accuracy and toughness — 
turn to Wisconsin Porcelain Co. 
The line includes: 

PORCELAIN — Pieces are of consistent 
high quality — furnished with 
very white finish, or glazed in 
various colors. 

STEATITE — Meets your needs where 
low electrical loss, ability to 


REFRACTORY — Especially suited to 
applications where great temper- 
ature variation is a factor. 


FLLTER — Designed to accurately 
filter and control flow of liquids. 


TELL US YOUR REQUIREMENTS — Our 
ceramic engineers will work with 
you in selecting or designing the 
part best suited to your applica- 
tion. 


Serving the Electrical and Electroni¢ 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 


withstand electrical shock or low 

water absorption are require- 122 Lincoln St. 

ments. Sun Prairie, Wisconsin 
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GENERAL‘ ELECTRIC 
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MODEL 8KT 
VOLTS 
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ACTUAL 
SIZE 


EW LOW-COST G-E TIME METER 

N CAN BE READ AT A GLANCE... 
. because the numbers are mes larger than before 

more, the new extra digit at no 

reading. Your G-E sales engineer can gi 


the facts. Ask him for bulletin GEA-6710 


GENERAL (é) ELECTRIC 


upytum 


GEMERAL @ evectarc 
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supplied as a service to companies ma- 
chining prototypes before going to the 
major expense of building dies. Blanks 
are furnished as machinable stock in 
a wide variety of shapes and sizes. 
The plastic maintains insulation re- 
sistance, dielectric strength, and di- 
mensions throughout exposure to high 
humidity and elevated temperature. 
Blanks are guaranteed free of voids, 
cracks and porosities. Mesa Plastics 
Co., 11751 Mississippi Ave., Los An- 
geles 25, Calif. > 602 


PHOTO-RECORDING PAPER 


4 new photo-recording paper, Tru- 
Graf 1, for oscillograph testing equip- 
ment has a high speed orthochromati 
emulsion of medium contrast which 
will pick up clearly the fine faint lines 
of the timing device without overex- 
posure and blurring of the impulse 
trace. It is coated on two different 
paper stocks: Type 0.005, a standard 
weight alpha sulfite paper, and Type 
0.003, an extra-thin 100 per cent rag 
content base with outstanding wet and 
dry tear strength, good translucency, 
and excellent folding characteristics. 
Both papers are matte finished to take 
pencil, ink, and ball-point markings 
clearly. Widths range from 5 to 12 
in., lengths from 100 to 475 ft. Peerless 
Photo Products, Inc., Shoreham, Long 
Island, N. Y. > 603 


TIMING RELAY TEST SET 


Test set will check up to 10 relays 
simultaneously. Normal operate time, 
saturate release time, or release time 
after predetermined heating can be 
determined on either normally open 
or normally closed timing relays. 
Test. once started. proceeds auto- 
matically. Time interims for each re- 


ELECTRICAL MANUFACTURING 





How CDF Di-Clad' 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer- 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application, 


7Trademark of Continental-Diamond Fibre Corporation 
*Du Pont trademark for its tetrafluoroethylene resin. 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, CONTINENTAL- D IAMO ND FIBRE 


flexural, compressive, and impact strength. Adequate for most non-critical 
printed-circuit applications. Can be cold punched and sheared up to 5/64 Burk - 
of an inch in thickness. A SUBSIDIARY OF THE COMPANY « NEWARK 13, DEL. 





TYPICAL Di-Clad PROPERTY VALUES 





Di-Clad 26 Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon* 


BOND STRE NGTH—0. 0014” foil (Ibs. read. 6 to 10 6 to 10 
to separate 1” width of foil from laminate) 


MAXIMUM CoeUOe OPERATING | 120 
TEMPERATURE (Deg. C.) | 


DIEL ECTRIC STRENGTH (Maximem voltage 800 
per mil for 1/16” thickness) 





INSULATION RESISTANCE (Me ya? 96. 500 A 600,000 100,000 
hrs. at 35°C. & 90% RH (ASTM B25 


DIELECTRIC CONSTANT "10° Cycles 4.5 r 3.6 4.9 


DISSIPATION FACTOR 10 oc ycles 0.040 ¥ } 0.027 0.019 0.0015 


ARC-RESISTANCE (Seconds) 5 | 10° 130 180 


TENSILE STRENGTH (psi.) 18,000 16,000 12,000. 48,000 23, 000 





FLEXURAL STRENGTH (psi. si.) 27,000 21 ,000 18,000 70,000 13, 000 


IZOD IMPACT STRENGTH edgewise | sé 80 0.45 0.42 12.0 6.0 
(ft. Ibs. per inch of notch) | | } 








COMPRESSIVE STRENGTH flatwise @si. “s | 32,000 | 28,000 25,000 | 62,000 20, 000 


BASE MATERIAL OF LAMINATE : Paper Paper Paper Medium- -weave, Fine-weave, 

} medium-weight medium-weight 
7 | glass cloth glass cloth 
| 











COLOR OF UNCLAD LAMINATE __ Natural Natural Natural } Natural Natural 
| greenish } 





All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 











*Du Pont Trademark 
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lay are read in seconds and tenths 
on digital timing clocks. A_ built-in 
variable power supply provides energiz- 
ing voltages continuously adjustable 
over a 2.5 to 230-volt range. 

Relays are plugged into a separate 
| test panel, which can be placed in 
* cabinets for ambient tests. Sockets in 
the standard test panel accept 7-pin 
miniature relays, with either plug-in 
pins or hooked solder terminals. Test 
panels for octal relays are available. 
G-V Controls Inc., 28 Hollywood 
Plaza, East Orange, N. J. > 604 


LOOKING 
FOR THE 


HIGH-TEMPERATURE, 
REGULATED, TRANSISTOR 
POWER SUPPLY 


Series 60A, recently developed for 
missile and aircraft applications, are 
suited to provide power for sensitive 
command, guidance and destruction re- 
ceivers or for any other electronic 
gear. 

Through use of silicon transistors 
and diodes, plus high temperature 
resistors, capacitors and transformers. 


continuous operation at full load in an 
ambient temperature of 85 C_ is 
achieved without heat sink. 
Electrical and mechanical charac- 
teristics: input, 24 to 30 volts d-c; 
output, 250 milliamp at 100 volts d-c; 
output voltage stability, temperature, 
less than 1.0 volt change for a varia- 
tion in ambient temperature from —55 
to 85 C; load variation, less than 
0.125 volt change from full load to 








The Advance type SV Sensitive 





Relay (shown at right) is 1%.” high 
x 2%" long x 2%” wide. Also avail- 
able is the type SO Miniature Sen- 
sitive Type, 17%” high x 1%” long 
x 1%" wide. 


SPECIFICATIONS 


Coil resistance: From .005 Ohms at .005 volts DC to 
40,000 Ohms at 14.0 volts DC. 


Nominal power required: Factory adjusted at .005 watts. 


Advance type SV relays are 
ultra-sensitive, yet durable— 
dust-tight, yet fully adjustable. 
Contacts and all working parts 
are protected by atransparent 
molded plastic cover. 


Sensitivity can be adjusted 
from the 5-milliwatt factory 
setting by turning the vernier 
screws. Use the type SV in 


Contact rating: 1 amp resistive, .5 amps inductive at 115 any DC circuit where power 


volts AC or 26.5 volts DC. 
Contact arrangement: SPDT only. 


consumption is limited to a 
few thousandths of a watt. 





Available from leading distributors 


WRITE FOR COMPLETE DETAILS 
Data sheets on the SV Sensitive Relay and the SO Miniature 


Sensitive Relay will be sent promptly. 


“SEF ADVANCE RELAYS 





half load; less than 0.125 volt change 
for a variation of input voltage from 
24.0 to 30.0 volts; ripple, less than 
10 mv rms; output impedance, less 
than 5 ohms from d-c to 200 ke. 
Performance guaranteed under vibra- 
tion over 2000 cps sinusoidal or ran- 
dom, and under sustained acceleration 
of 150 g; also guaranteed under any 
existing specified requirements for 
humidity. Size: 7 in. long; 2.125 in. 
wide; 1.750 in. high. Weight: 1.5 lb. 
The Daven Co., 536 West Mt. Pleasant 
Ave., Rt. 10, Livingston, N. J. > 605 


X-BAND MICROWAVE 
WATTMETER 


Type U-182 X-band wattmeter is a 
standard, since its calibration depends 


only on measurements of length, mass 
and time. 
Instrument is relatively independent 


A PRODUCT OF ELECTRONICS DIVISION 
HUQIBELGIN NATIONAL WATCH COMPANY 


Dept. C, 2435 N. Naomi St., Burbank, Calif. 
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For quick bonding, turn to turn, with a single application 
of heat or solvent... 





Specify 


1. Bondeze and bonding action 


MAGNET WIRE 2. Formvar insulation 


3. Copper 


Enlarged cross section shows: 


These successful uses of Bondeze suggest 
unlimited new redesign possibilities, 
often at overall savings. 


Random-wound, layer, paper-section and solenoid 
coils for brakes and clutches, instruments, television, 
radio and other applications. 


Paper-section, random-wound, oil-filled, air-cooled and 
high voltage for distribution, current, X-ray, television, 
radio and other applications. 


Windings for shaded pole, series fields, instruments, 
induction and others. 


Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer! 


asrme cone, een PHELPS DODGE (OPE PRODUCTS 


Ps > 
FROM MINE SHE'S CORPORATION 
a) 3 


\ ~~ Re RUA oa AOL IME TST RES LEE OLE SNE YB sae i SRP 
TO MARKET! On LS RE SS RAE TOE TL RES IS = ie 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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ALCOA ALUMINUM 
FASTENERS ARE 
AVAILABLE LOCALLY! 


Yes, you have only to pick up your 
phone to “call in” the Alcoa® Alu- 
minum Fasteners you need. Your loca’ 
Alcoa distributor has them in all stand 

ard sizes and types for immediate de 

livery. ““Specials”’ are available, too! 








Get the lasting sales appeal that 
Alcoa Aluminum Fasteners give your 
aluminum products with their perfect 
color match, resistance to both gal- 
vanic and atmospheric corrosion. See 
the Yellow Pages of your telephone 
directory for your nearest Alcoa 
distributor. 


t 

' 

, ALCOA 0 __ 
i ALUMINUM 
d FASTENERS 

4 sienaedeacbrvinsinan 
. ——E 


Your Guide fo the Best in Aluminum Value 


FREE... FACTS, SAMPLES... FREE... FACTS 


Gi 
LAS 
Hy 
ALCOA THEATRE 
Exciting Adventure 
Alternate ™M fay 
Evenings 


Alum'num Comna-y of America 

2241-3 Alcoa Bidg., Pittsburgh 19, Pa. 
Gentlemen: Please send complete speciticanon vote 
and samples of Alcoa Aluminum Fasteners. 


Nome 


Compony———__ 


Address 


of the voltage standing wave ratio, and 
the electrical calibration is simplified 
and accurate. Design of the unit mini- 
mizes the effects of mismatch produced 
by small misalignment. 

Although basically new, this instru- 
ment is a standard intended to replace 
the 
makes possible rapid production checks 
on magnetrons, 
in-line 


cumbersome water calorimeter. It 
has an 
radar. Measure- 
ments can be made in the power range 
of 10 to 200 w, with an 
2 per cent. Wayne Kerr 
Box 801, Philadelphia 5. 


klystrons and 


wattmeter for 
accuracy ol 
Instruments, 


Pa. > 606 


PRECISION INDICATOR FOR 
PRESSURE TRANSDUCER 
CALIBRATION 


FlectroSyn Model 850 Precision In- 
dicator provides a highly accurate and 
rapid technique for the calibration of 
instruments. Multiple Nor- 
ElectroSyn standard pressure 
transmitters. covering any desired set 


pressure 


wood 


of ranges. can be used with this device. 
When the instrument to be 
calibrated is subjected to the same pres- 
the transmitters, the Electro- 
Syn system becomes a secondary refer- 


gage or 
sure as 


ence standard to which the calibrated 
gage or instrument is compared. 
The Precision Indicator has two dials 
a moving dial which travels through 
300 deg. 
travels 


and a vernier pointer which 

through 360 deg for 
major division of the moving dial. This 
1.000 distinct calibration 
marks which are approximately 4 in. 
apart. 


every 


prov ides 


Specifications: accuracy. better than 


+£0.25 per cent full scale; linearity, 


in your designs 


VERSATILITY...IN 
thEINZE 


UNIVERSAL MOTORS 


Variable speed .. . high starting 
torque... reversibility... high out- 
put... you get them all in Heinze 
Universal Motors. Horsepower rat- 
ings are from 1/15 hp to 1/50 hp, 
with load speeds of 5000 to 7500 
rpm. Normally designed for 115V 
AC/DC, CW, CCW or reversing. 
Other voltages are available. In- 
ternal or external brushes may be 
supplied. Type DL has die cast 
housing. Broad applications in- 
clude sewing machines, business 
machines, movie projectors, elec- 
tric organs, small hand tools. 

You have a wide choice of models 
from the comprehensive line of 
Heinze sub-fractional horsepower 
motors and blowers. Send us your 
product and specifications. Heinze 
Engineers will adapt a motor, at no 
obligation. Or write for catalog 


TE «vecrme COMPANY 


685 Lawrence St., Lowell, Mass. 


Sub-Fractional Horsepower Motors 
and Blowers 
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Cost conscious? You can trim manufactur- 
ing costs on many types of motor-operated 
appliances and equipment by using these 
new Mallory AC oil-filled motor-running 
capacitors. They are made in new, low- 
voltage ratings of 150 and 175 VAC —give 
you ratings closer to the actual applied 
voltage —and at correspondingly lower prices. 


Value conscious? You can depend on the 
new Mallory motor-run capacitors for long 
life and accurate ratings. They are similar 


Cut Appliance Costs with This 


New Mallory Low-Voltage Motor-Run Capacitor 


in construction, mechanical specifications 
and performance characteristics to the 
proved line of Mallory oil capacitors... 
and —they’re part of a family of Mallory 
starting and running capacitors preferred 
by leading appliance and motor manufac- 
turers for years. 


The new series is available in capacities 
from 10 to 20 mfd. For complete data on 
electrical and mechanical specifications and 
prices, write or call Mallory —today. 


Expect more...get more from 


JALLORY 


Mee. 


Serving Industry with These Products: 


Electromechanical — Resistors ¢ Switches @ Tuning Devices @ Vibrators 





Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts ¢ Special Metals «© Welding Materials 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. ; 


MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 
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WEVGO 


STRAIN RELIEF 


BUSHINGS 


4“ 


power supply co 


standard 
& special 
wires & 
cables— 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 


HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 
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+0.15 per cent; optical resolution, | 
0.05 per cent; reproducibility, 0.1 per | 
cent. Norwood Controls, Div. of Detroit 
Controls, Norwood, Mass. ->607 


ENVIRONMENTAL TESTING 


| UNIT 


insulate & Anchor 
rds 


Tensile testing of small component 
assemblies for military bombers is ac- 
complished with model SV-120-1R test- 
ing chamber. Mounted remote from the 
power pack on angle-iron structural | 
supports, chamber is designed for in- 


in tensile test machine and is 
adjustable from 46 to 60 in. from floor. 

Temperature range of unit from +-80 
to —120 F. A recording potentiometer 
control is also mounted 
chamber. 

SV-120-1R has a test chamber 9 in. 
long by 12 in. wide by 14 in. high, with 
frostproof multi-pane observation win- 
dow in front-opening door. Door fitted 


sertion 


remote from 


with heavy sponge rubber to allow in- 
sertion of test specimens without loss 
of temperature. Cincinnati Sub-Zero 
Products, 3930 W. 8 Heading Rd., 
Cincinnati 29, Ohio. > 608 


TRANSISTORIZED D-C 
TO D-C CONVERTER 


Type QH-020 power supply is a com- | 
pact, lightweight d-c to d-c conversion | 
unit. It permits reliable operation at | 
CCS rating under severe operating con- 
ditions through the use of a high-power | 
p-n-p transistor switching circuit em- 
ploying an ITT special pulse trans- 
former. The moderate switching rate 
used results in minimum noise interfer- 
ence. Silicon diodes are used exclusively 
in the rectifier section. 


The d-c input is 12.6 volts +20 per 





Wheelock SIGNALS 


CRYSTAL CASE RELAYS 


HIGH TEMPERATURE 
UP TO 125°C AND EXCES- 
SIVE VIBRATIONS 
2000 CPS. AT 20 G. 


Consistently high reliability inherent 
in design and performance 


These new Wheelock Signals Crystal Case relays 
will solve all your space problems! Our en- 
gineers designed these precision-made relays 
smaller than small . . . about the size of a 
quarter . . . lighter than lightweight . . . 
approximately .35 oz. and sensitive 
enough for millisecond operation, yet so 
rugged to withstand rigid military environ- 
mental specifications. 

For consistent reliability, extended life and 
never-failing performance, specify Wheelock Sig- 
nals Crystal Case relays for your electronic ap- 
plications. We will help you solve your relay 
problems . . . we will gladly recommend the 
relay to suit your needs. 


Write for additional literature and complete 
specs. 


Wheelock SIGNALS 
RELAYS oO LONG BRANCH, N. J. 
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60-CYCLE CURRENT ratings of six round copper tubes in terms of weight per foot. 


How to carry more amperes per pound of copper 


THIN-WALL TUBES with low wall-thickness-to-diameter ratio offer 
decided electrical advantages—and opportunities for cutting bus 
costs—wherever mechanical requirements permit. The charts 
above and at the left show the 60-cycle skin-effect phenomenon 
characteristic of six representative sizes of round copper tube, 
1.5” to 4.0” O.D. The curves cover the entire range of wall 
thickness from solid round rods, at the right, to the thin-walled 
tubes in common use at the left. What is true of round tubes is 
also true of other tubular bus shapes. 


INSTALLATION ECONOMIES. When round tubular bus conductors 
can be selected in thin-wall sizes from the standard pipe dimen- 
sion schedules, it is possible to effect further economies by the 
use of stock sizes of supports, connectors, tap clamps, and other 
necessary hardware available in great variety in dealers’ stocks. 

More comple te information on tubular conductors is available 
in the Sixth Edition of The American Brass Company's Publica- 
tion C-25. This 62-page booklet has a wealth of general informa- 
tion on the properties of copper conductors—plus convenient 
data for the most commonly used sizes of all types of rigid bus 
conductors. 


TECHNICAL SERVICES. Anaconda specialists are available to help 
you in the solution of technical problems involving the use of 
Anaconda Bus Conductors. For such service, or for a copy of 
Publication C-25, see your nearby Anaconda representative. Or 
write: The American Brass Company, Waterbury 20, Conn. sz 


® 
8 
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THE INFLUENCE of wall thickness on the 60-cycle cur- ® 
rent rating of six round copper tubes. 


COPPER CONDUCTORS 


Made by The American Brass Company 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


SEPTEMBER 1958 Circle 228 on page 17 227 





Nee eRe ee Oe 


FOR PUBLIC 


ADDRESS, RADIO, 
and kindred fields, 


elite & 
PLUGS « SOCKETS Bizz: 


of proven quality! 


Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of fiat plug contacts. 

Socket coniacis phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium piated. Insulation molded 
bakelite. Plugs and sockeis polarized. Stee| caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 coniacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 22: 
Electricai Connecting Devices, Plugs, Sockets, Terminoi 
Strips. Write 





HOWARD B. JONES DIVISION 
oe Ln ING ase 


2 “+ N 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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Design and } An 
Development 
Engineers: 


Check your ——_ 
DESIGNS with 


The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 
and economically ...designers can check springs 
for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications. 


Specify I-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 
or write for our latest Catalog. 

++ PROCESSED” 


BERViLIUM COPPE 


INSTRUMENT SPECIALTIES CO., INC. 
254 Bergen Blvd. « Little Falls, N.J. 


Ww Telephone: Clifford 6-3500 
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cent at 1.60 amp (nominal), 20 w. The 
d-c output is 210 volts at 87 milliamp 
(nominal), 20 w. The unit has 6 per 
cent regulation, 90 per cent efficiency, 
and a ripple of less than 0.5 per cent. 
The housing is perforated to allow con- 
vection cooling by chimney effect. Tem- 
perature range is —55 to +-75 C. The 
unit weighs | lb., 3 oz, and measures 
21% in. wide by 3%e in. long by 3446 in. 
high. Industrial Products Div., Interna- 
tional Telephone and Telegraph Corp.. 
15191 Bledsoe Street, San Fernando, 
Calif. > 609 


D-C AMPLIFIER 


Model B-1, rack-mounted d-c amplifier 
delivers up to six watts at an output 
impedance of less than 0.1 ohm over 
frequency range from d-c to 20,000 
cps. Transistorized. — direct-coupled 


circuitry makes the unit compact. 
eliminates warm-up time to provide 
instant, full-power stability. Single- 
ended, bi-polar input and output have 
one side grounded, and all output volt- 
ages can be made symmetrical about 
ground or can be biased positive or 
negative within the output range of 
the amplifier by means of the front 
panel positioning control. Power gain 
adjustments up to a factor of 60,000 
are also available on the front panel. 
Southwestern Industrial Electronics 
Co.. Div. of Dresser Industries Inc., 
2831 Post Oak Rd., P.O. Box 13058. 
Houston 19, Texas. 610 


ELECTRONIC COUNTER 


Model 1610 low cost portable 4 or 5- 
digit counters are designed for rpm 
or frequency counting, totalizing and 
time interval measurements with auto- 
matic reset at end of count capacity. 

Features include sensitivity control 
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Kelvinator gets big benefits from premix moldings 


Premix moldings are making an important contribution to 
performance of Kelvinator refrigerators. 


Strike mounting plates, tie-straps, tubing retainers and lock 
housings for the Kelvinator are all premix moldings. They’ve 
proved tough and resilient excellent shock absorbers. 
And their thermal insulating properties contribute to the 
economical operation of the refrigerator. 


When resins and reinforcing fibers are blended beforehand, 


moldings are stronger, wall thicknesses more uniform, weak 
spots are eliminated. Small and large, simple and complex, 
premix moldings are not only improving products but cut- 
ting costs for hundreds of manufacturers. 


If your product calls for strong, rigid, reinforced plastics, 
look into premix moldings made with Dow vinyltoluene or 
Dow styrene. Get the names of molders and suppliers from 
your nearest Dow sales office or write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Plastics Sales Dept. 2207]. 


YOU CAN DEPEND ON 
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GENERAL CABLE | for elimination of noise effects, a self- 


test feature which permits counting of 
| t line of | the time base signal and the following 
he comp e e external facilities: external time base 
input, accessory socket on rear provid- 
ing 6.3 volts a-c at 0.6 amp (1.0 amp 
max), -++-300 volts d-c at 10 ma (40 ma 
max), and —150 volts d-c. Phototube 
input jack on rear which also supplies 
bias for type 1P41 (or equal) photo- 
tube and external gate input jack on 
front panel. 

Counting rate 1 to 120,000 events per 
sec with direct reading in cycles per 
sec or cycles per %o sec. Accuracy is 
+1 count or accuracy of crystal tim- 
ing frequency signal (.01 per cent). 

Long experience in the manufacture of magnet wire has enabled General | Input voltage from 0.2 volt rms to 
Cable to develop the industry’s widest range of both returnable and non- 200 volts rms. Gate times are %4o and 
returnable containers of all types. Designed to meet widely varying 1 sec with special times available. Dis- 
customer demands, they insure safe delivery and facilitate use of the wire | play time is continuously adjustable 
at the lowest possible cost to you. No matter what magnet wire packag- from %o sec to 15 sec, or can be 


: Id indefinitely. I-L-S Instrument 
i 1 Cable... they have the right he H 
ing problem you have, consult General Cable y Corp., 4541 West 160th St., Cleve- 
erence one. | land 35, Ohio. S611 


POTENTIOMETER, SIGNAL 
SOURCE AND MILLIAMMETER 
A new testing instrument, Model MV-1, 
combines all of the functions of a 
precision potentiometer, an accurate 
millivolt source and a _ milliammeter. 
The potentiometer section has two 
voltage ranges: 0-60 mv, and 95-105 
my. Voltage decade switch provides 
seven different taps; 0, 10, 20, 30, 40, 
50, and 95 mv. From zero up to 10 
mv is available from the multi-turn 
slidewire dial in 2.5 microvolt incre- 


| 
STAR-PAK PAIL and DRUMS | 
| 
| 
| 
| 
| 
I 
; ments. These calibrations make the 
| 
| 
| 
| 
| 
| 
I 


Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 23 
through 27 AWG. : 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK poils ond drums are palletized for ease of 

handling. 


instrument particularly useful for 
measuring the outputs of thermo- 
couples, radiation receivers, thermal 
convertors, shunts and other types of 
primary measuring elements. 
Instrument has many additional fea- 
tures, including built-in standard cell, 
Yo of 1 per cent accuracy, guarded 
output circuit and internal mercury 
battery power. Overall dimensions are 
534 x 8 x 5%e6 in.; weight is 514 lb. 
Technique Associates, Inc.. P. O. Box 
91, Indianapolis 6, Ind. +612 
(Continued on page 232) 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 42 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
are palletized for shipment. 





Payout Equipment General Cable also has available a com- 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums 
or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast XS 


for quality and service 


--- Specify 
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Hummingbirds Are Power- 
Packed...have more energy for their 
size than an elephant. Smallest humming- 
bird is only 2%” long, builds a nest only 
1” square with cobwebs. The hummingbird 
is one of nature's greatest masterpieces 


in miniaturization. 


More Miracles in 


It's just starting. Industry is on the thresh- 
old of new miracles in the world of mini- 
ature mechanisms. Best help in the prob- 
lems will be MPB who has the world's 
greatest wealth of experience in the appli- 
cation of miniature bearings 4” O.D. or 
less. MPB has more than 500 types and 
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Miniature Tape Recorder fits in 
briefcase . .. operates on hearing-aid bat- 
teries yielding 1/8000 h.p. This is possible 
because friction is reduced by two MPB 
bearings installed on the main drive shaft. 
Another man-miracle in the world of 


miniaturization. 


Man With Miracles. This is Bill 
Timmerman, one of MPB's Sales Engineers. 
He helped the tape recorder people find 
exactly the right type of bearing to reduce 
friction to a minimum, give failure-proof 
service and help keep original and main- 


tenance costs low. 


Miniaturization © to come 


BEARING ACTUAL SIZE 


sizes, specials on request, engineering and 
research facilities second to none. You'll 
want to know more about miniaturization 
and the promise of progress it holds. For 
engineering aid and/or new catalog write 
Miniature Precision Bearings, Inc., 
609 Precision Park, Keene, N. H. 
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Helps you perform miracles 
in miniaturization 














DO YOU REQUIRE 


Precision High Production 


LAMINATION DIES? 


CLEVELAND TOOL and DIE COMPANY SOLVES 
YOUR PROBLEMS and meets your most exacting tool 
and die requirements. Cleveland Tool and Die Company 
has built individual dies which have produced millions of 
precision tolerance pieces without retooling. SEND FOR 
THIS FREE BROCHURE DESCRIBING OUR FACILITIES. 


Typical lamination die custom made 
at Cleveland Tool and Die Company. 
Dies like this, dies for powder metal- 
lurgy and other special purpose dies 
are made by skilled craftsmen using 
the most modern techniques and 
facilities. 








FREE Brochure 


Describes facilities avail- 
able. Send for your free 
copy today. No obligation, 
of course. 





w-------- 4 


Here are just a few of the parts motor and 
appliance manufacturers from all over the 
country have made on lamination dies 
produced by Cleveland Tool and Die Co. 


CLIP and MAIL THIS COUPON TODAY 


CLEVELAND TOOL and DIE Co. 


1620 EDDY ROAD « CLEVELAND 12, OHIO 


Please send me the free brochure describing the facilities of 


CLEVELAND TOOL & DIE COMPANY. 
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TRANSISTORIZED VOLTAGE 
REGULATED POWER SUPPLIES 


Model SC-150-1 delivers 0-150 volts, 0-1 
amp. Regulation for line or load is less 
than 0.01 per cent or 0.002 volt, which- 
ever is greater. Ripple is less than 
1 mv rms. Recovery time is less than 
50 ysec. Stability for eight hours is 
less than 0.01 per cent or 0.002 volt, 


Model No. SC-150-1 


whichever is greater. Operating am- 
bient temperature is 50 C maximum. 
Temperature coefficient is less than 
0.01 per cent per deg C. Output im- 
pedance is less than 0.05 ohm. 

Additional features include: 0.005 
per cent resolution with 10-turn volt- 
age control; continuously variable out- 
put voltage without switching; external 
overload and short circuit protection; 
either positive or negative can be 
grounded; remote error signal sensing; 
suitable for square wave pulsed load- 
ing; terminations on front and rear; 
power requirements 105-125 volts, 
50-65 cycles. 400 cycle units are avail- 
able. Unit is compact: 51% in. high, 
19 in. wide and 13 in. deep. 

Model SC-3672-0.5 delivers 36-72 
volts, 0.05 amp. Regulation for line 
or load is less than 0.1 per cent or 
0.003 volt, whichever is greater. Ripple 
is less than 1 mv rms. Recovery time 


Model No. SC-3672-0.5 


is less than 50 psec. Stability for 8 hr 
is less than 0.1 per cent or 0.003 volt, 
whichever is greater. Operating am- 
bient temperature is 50 C maximum. 
Temperature coefficient is less than 
0.05 per cent per deg C. Output im- 
pedance is less than 1.0 ohm. 
Features include overtemperature 
protection; continuously variable out- 
put voltage without switching; a de 
sign to operate continuously into a 
short circuit; either positive or nega- 
tive can be grounded; units can be 
series connected; suitable for square 
wave pulsed loading; terminations on 
front and rear; power requirements 
105-125 volts, 50-65 cycles. 400 cycle 
units are available. Unit is 8%2 in. 
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Republic Silicon Steel Uniformity 
increases 





Performance predictability of any product 
involving a silicon steel core is subject to varia- 
tion according to the uniformity of the steel used. 
Best results are secured when the steel meets 
magnetic specifications, and provides mechanical 
uniformity as well. These are the reasons why 
it will pay you to specify Republic Silicon Steel. 
Maximum magnetic, electrical, and mechanical 
uniformity are assured by full-control processing 
from pig iron analysis to finished product testing. 


Republic, for example, establishes silicon steel 
grades in the open hearth and by additions to 
the ladle. As processing continues, tests verify 
that specifications are maintained. Tests are not 
applied simply to grade the steel after all proc- 
essing is complete. 

Within Republic’s sequence of operations, 
none is more important than the final step — 
continuous annealing. Pioneered by Republic, 


this process subjects the steel to an electronically- 
controlled heat-cycle and atmosphere to assure 
magnetic, mechanical, and surface oxide uni- 
formity from end to end and edge to edge of 
each coil. Moreover, even if the coil is slit into 
strips, it is continuous annealed as the final step, 
so that every shipment of Republic Silicon Steel 
— full- or semi- processed — provides maximum 
freedom from cold work. 


Finally, Republic’s equipment and methods 
provide manufacturing flexibility. As a result, 
complete tests can be conducted whenever 
required — before, during, and after processing. 
All production is “tailored” to specifications, on 
a mass production basis. 


Your nearest Republic office can furnish com- 
plete information on Republic Silicon Steels. Or 
write Republic Steel Corporation, Dept. EM-6023, 
1441 Republic Building, Cleveland 1, Ohio. 


REPUBLIC STEEL 
Wold Wie Range of Standard, Stools cud Sloe Phodlioa 
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POWER TRANSMISSION 
EQUIPMENT 
EASILY INSTALLED, 
MAINTENANCE-FREE 


FLEXIBLE 
COUPLINGS 


Bores (mox.)......... He" to 9” 
OB. cosvccccpevstter Walme 
WE sovevccese Ye oz. to 1500 Ib 
OP. ccccecceccoce 1/20 to 4250 
Torque (static). 1Y2 to 5100 ft.-Ibs. 


7 
VARIABLE 


Bores (mox.)......... Ya" to 1%” 
OD. cccccccccccecs 3” to 13%” 


H.P. (1750 rpm.).......- Y% to 15 


UNIVERSAL 
JOINTS 


Y%" to 2” 

Sid Bla. cccccsccvcecs Ya” to 4” 
Static Torque 

340 to 130700 in.-Ibs. 

H.P. (100 rpm.)......++ Y% to 207 


SHAFT 
MOUNTED 
GEAR 
REDUCERS 


18 Models From Stock 
8 to 425 R.P.M. 
Fractional to 120 
... Single 4.5:1 Nominal 
Double 14.7:1 Nominol 
Hollow Shofts 1% to SH%¢ in. 


Write Today! 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 W. Lake St. ° Chicago 44, Ill. 
Telephone: EStebrook 9-3010 
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wide, 414 in. high, and 135% in. deep, 
rack adapter available. Kepco Labo- 
ratories, Inc., 131-38 Sanford Ave., 
Flushing 55, N. Y. +613 


EXPANDED SCALE D-C 
VOLTMETERS 


Models 1135 and 1145 side indicator 
panel meters provide maximum read- 
ability at a desired voltage point. De- 
veloped to save space on crowded com- 
plex electronic control panels, these 


side indicating instruments provide the 
same scale length and accuracy as 
much larger conventional meters, but 


| occupy only 44 the panel area. 


Model 1135 has a scale length of 
2.1 in. and a panel area of 2 sq in. 
Model 1145 has a scale length of 2.7 
in. and a panel area of 5.5 sq in. 


| Housed in dust-proof cases with clear 


plastic covers, both models are self- 


| contained. Designed for either hori- 
| zontal or vertical mounting and are 


balanced for use on panels in the 
vertical plane. Standard full scale 


| voltage ranges are 4-8, 9-15, 20-30, 
| 70-110, 90-140 and 175-265 d-c. Ac- 


curacy is held to +2 per cent of full 
scale. Min scale span is +20 per cent 
of the mid-scale point. International 


| Instruments Inc., P. O. Box 2954, New 


Haven 15, Conn. >614 


| ALL-PURPOSE D-C 
INSTRUMENT 


Model 610 Electrometer makes virtu- 
ally all d-c measurements required in 
laborafory and production tests. The 
single unit includes: (1) an_ ultra- 
high impedance voltmeter, with a 


| range of 200 microvolts to 30 kv, (2) 
| a direct-reading ammeter from 3 amp 


to 1074 amp, (3) a linear-scale ohm- 
meter, measuring 0.2 ohm to 1014 


4 Ounce 

Contact Force 
Makes Relays 
More Reliable 


Contact force of 4 ounces per 
contact on 50 “G” models and 2 
ounces per contact on 30 ‘‘G’”’ 
models of ‘““‘Diamond H”’ Series R 
and Series S miniature, hermeti- 
cally sealed, aircraft type relays is 
one of the most important factors 
in their proven high reliability. 

Though absolute reliability of 
any similar device is impossible to 
guarantee—a bitter fact of life 
recognized by all electronic engi- 
neers—close approach to this goal 
by the relays manufactured by 
The Hart Manufacturing Com- 
pany is the basic reason they are 
found today on many of this coun- 
try’s headline-making missiles. 

In addition to contact force far 
beyond that found on other relays, 
“Diamond H”’ relays have greater 
contact cleanliness. Self-contami- 
nation is virtually eliminated by a 
completely inorganic switch 
mechanism, as well as use of coil 
materials which will not dust, flake 
or out-gas. 

Finally, the high degree of re- 
liability that is designed into these 
relays is maintained in their man- 
ufacture by high quality workman- 
ship and a stringent inspection 
policy at every stage. 

In addition to missiles, and their 
ground control systems, Series R 
and S relays are designed for use 
in jet engine controls, computers, 
fire control, radar and similar 
critical applications. 

4PDT units, they offer an ex- 
tremely broad range of perform- 
ance characteristics, including 
temperature ranges from —65° C. 
to 125° and 200° C.; ratings to 10 
A., 120 V., A. C., and 26% V., 
D. C., with special ratings to 400 
ma. at 350 V., D. C., or down to 
millivolts and milliamperes. Dry 
and wet circuits may be safely 
inter-mixed. 

For more information, write 
today for Bulletins R250 and 
$260. For quick facts about 
“Diamond H’’ switches, ther- 
mostats and other devices, ask 
also for a copy of the ‘‘Diamond 
H’’ Check List of Reliable 
Controls. 


THE 
HART MANUFACTURING 
COMPANY 
211 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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Now it’s time to take a 


NEW LOOK 


This Fusite two pin terminal opens new horizons of oppor- 
tunity for electrical products not now hermetically sealed. It is 
practical in a wide variety of sizes and combination of materials 
for production installation by several different methods. 


Features available: 

e Ye’ OVER SURFACE PIN SPACING COPPER CORE STAINLESS PINS 

e 20 AMPS OR MORE STAINLESS STEEL BODY 

e QUICK POSITIVE CONNECTING CUSTOM ELECTRODE TREATMENTS 
e PRODUCTION WELD OR SOLDER CUSTOM FLANGE TREATMENTS 


2 | 3 | Me | dt | 4h 


4 


Open Flattened Copper cored Solder Hollow 
loop and pierced | Straight wire pot | Tube 


| 


friction clip 


—_ 


This rough drawing of the basic terminal 
has purposely been rendered in a sketch 
form as it indicates no specific model but 
is used as a device to show minimum di- | 

mensions of this type terminal. ae | 
ma on 


Solder Solder Solder Shielded arc | Resistance 
joint joint | welded joint | welded joint | 





» TERMINALS | , 


PROTECT PRODUCT ~ 
fo 
a 
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they power the latest 
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ohms, with internal resistance standard, 
and (4) a convenient d-c preamplifier 
with precise gains to 1000. 

Other features include a selectable 
input impedance from one ohm to 
greater than 10'! ohms; 10 volt and 
l-milliamp outputs to drive oscillo- 
scopes and recorders; and accessory 
voltage divider probes and test shield. 
Keithley Instruments, Inc., 12415 
Euclid Ave., Cleveland, Ohio. >615 


ULTRASONIC POWER SUPPLY 


The D-1320 ultrasonic motor-generator 
power supply is rated for 1500 w con- 
tinuous output at a chosen frequency 
of 15,000 to 25.000 eps. Instant opera- 


tion. no sliding contacts. long bearing 


life, and Class H insulation are out- 
standing features for industrial use 
under severe environmental conditions. 
The unit weighs 200 lb and is 13 in. in 
diam and 18 in. long. D & R, Ltd., 
402 East Gutierrez, P. O. Box 1500, 
Santa Barbara, Calif. >616 


DIGITAL VOLT-OHMETER 


Precision. portable digital VTVM. 
Model 400-B, measures a-c and d- 
volts and ohms with great accuracy 
and_ reliability. Numerals to three 
decimal places are shown on easy-to- 
read nixie tubes arranged in line on 
the front panel. 

Measures d-c volts and ohms with 
+0.5 per cent of full scale absolute 
accuracy; a-c within 1.0 per cent 
absolute accuracy in each of 3 ranges. 
When using any 0.1 per cent accurate 
external standard, instrument is ac- 
curate to 0.1 per cent of full scale. 

Measures positive or negative volt- 
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PRODUCT-DESIGN 


MEMOS 


Electrical-grade phenolic 


Brain cells for a bird 


Chill fog swirls in around the slim white 
missiles poised on their launchers. From 
clouds massing above, snow begins to 
spiral faster and faster. 

For these silent sentinels on 24-hour 
watch, weather can be an enemy. Within 
the missile, and in the incredibly complex 
electronic brain that guides it, thousands 
of parts and connections must be ready to 
function perfectly in the few vital seconds 
of the rocket’s flight. 

This is one of the basic reasons why 
many thousands of mechanical and elec- 
trical missile components are made with 
Durez 16274 Natural, a mineral-filled 
phenolic with highly stable electrical char- 
acteristics. 


Molded by standard compression or 
transfer methods, 16274 has excellent sur- 
face finish and car. be machined with tung- 
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FROM DUREZ 


Fire-retardant prepreg 


Large inserts no problem 


sten carbide tools. It is designed to meet 
the requirements of Mil-P-14D, Type 
MFE. 

If these properties suggest a place for 
16274 in a current project, check the 
coupon for a special 4-page bulletin de- 
tailing properties and molding and finish- 
ing procedures. For an evaluation sample, 
write us on your business letterhead. 


Fire-retardant prepreg 


Now you can meet the most exacting re- 
quirements for reinforced plastic parts that 
must be strong, tough, and flame-retardant. 

You get these properties in a new pre- 
preg, made with Hetron® polyester, that 
eliminates weighing, mixing, and pouring 
of resin in your plant. 

This material provides exceptionally 
high tensile, flexural, and impact strengths; 
smooth glossy surface; and excellent wet- 
strength retention. It is self-extinguishing 
without the use of additives. 

The drapable sheet conforms to complex 
curvatures, facilitating layup. It is supplied 
in rolls up to 60 yards long, which have 


shelf life of six months or more under 
normal storage conditions. 

For a list of manufacturers of prepreg 
materials, write us. For data on the Hetron 
resins with which they are made, check 
the coupon. 


The Black & Decker Mfg. Co. 


Big inserts no probiem 


Do you hesitate to specify large molded- 
in-phenolic inserts for fear the phenolic 
will crack? 

Your molder can now allay your ap- 
prehensions—with Durez 18001 Black. 

Developed specifically for use with large 
metal inserts, as in this brush-holder cap 
for an electric hammer or saw, 18001 is 
highly crack-resistant. It combines many 
other qualities: high dielectric strength, 
excellent dimensional stability; arc resist- 
ance of 180 seconds by ASTM D495— 
and low cost. 

For a more complete rundown on 18001, 
check the coupon and we'll send you tech- 
nical data. 


ne eS ae 


For more information on Durez materials mentioned above, check here: 
C) Electrical-grade molding compound, Durez 16274 
[) Hetron polyester resins (technical data file) 
(1 Phenolic molding compound, Durez 18001 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


Lacie ent chests ies tenet ane dam caneaaipn-enn en int eietio man ane encanta eenemmatnaunenemnsenseaensal 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 
1309 Walck Road, North Tonawanda, N. Y. 
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KANTHAL 


Pioneered and proven by 
KANTHAL, the now famous 
KANTHAL iron - chromium- 
aluminum - cobalt alloys pro- 
vide engineers with a broad- 
er, better means to solve 
heating and resistance prob- 
lems. 

High resistivity (812-872 
ohms/cmf) and high tempera- 
ture ranges (to 2460°F) give 
these superior alloys wide 
versatility and usefulness. 
Only KANTHAL, with years 
of experience in tonnage pro- 
duction, provides the wide 
variety of types and unvary- 
ing quality that have od 
these alloys outstanding. 
Specialists for more ies 8 
generation, KANTHAL re- 
search constantly develops 
new resistance materials. The 
most recent is KANTHAL 
SUPER which surpasses all 
known metallic elements in 
performance at temperatures 
to 2900° F. This is typical of 
continuing KANTHAL leader- 
ship in producing superior re- 
sistance alloys to meet every 
need. 


Full Data Available 
(Based on actual applications) 
Whatever your heating or re- 
sistance problem, KANTHAL 
has full design data to help 
you solve it more quickly and 
easily, and most likely at low- 
er cost. 


KANTHAL A-1, A For long-life supported 
furnace elements in air and neutral atmos- 
pheres. Type A-1, 2460°F, Type A, 2370°F. 


KANTHAL D, DS For heating and resist- 
once elements in appliances and furnaces. 
Type D 2200°F, Type DS, 2100°F (higher 
creep strength). 


ALKROTHAL 14 For low-cost resistor coils 
and appliance elements, 1900°F. 


KANTHAL DR and NIKROTHAL L_ For 
precision components and resistors. High 
resistivity and stability, low thermal EMF 
vs copper, low temperature coefficient 
(+.00002/C° —50 to +150°C). Fine gages, 
all types of insulation. 


KANTHAL SUPER New cermet for furnace 
element temperatures to 2900°F with long 
life, no aging, simplified controls. 


NIKROTHAL 8 (80/20) and 6 (60/16) 
Highest quality nickel- chromium for sus- 
pended elements ot substantial savings. 


CUPROTHAL 294 (55/45) copper-nickel low 
temperature, low-resistance wire (294 ohms / 
emf). Also CUPROTHAL 180, 90, 60, and 30. 


Write today for free data on: 


0 


THE KANTHAL | 
ee 


O 
O 


NAME 
A POSITION 


KANTHAL HANDBOOK 116 pages of physical 
and electrical data for designing equipment 
with KANTHAL A-1, A, D, DS 


ALKROTHAL 14 (0 KANTHAL SUPER 
KANTHAL DR and ([] NIKROTHAL 8 and 6 
NIKROTHAL L () CUPROTHAL ALLOYS 








(Write on, of attach to, your compan 
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ages from 0.01 to 1000 volts d-c with 
+0.5 per cent full scale absolute ac- 
curacy, and voltages to 1000 volts 
within 0.1 per cent and _ resistances 
from 10 ohms to 1 megohms. On a-c 
measurements the unit measures up to 
100 ke with the standard probe. 
Franklin Electronics, Inc., Bridge- 
port, Pa. >617 


RECORDING OSCILLOGRAPH 


Model 606 D/R oscillograph offers a 
visual presentation of test data in 
record form and permits continuous 
monitoring of stress, pressure, vibra- 
tion, and other phenomena. New fea- 
tures include flash timing to 1,000 cps; 


versatility with five magazine types; 
extremely fast or slow recording 
speeds; an extended range frequency 
response; a trace writing speed of 
50,000 ips; linear, log or special grid 
lines to order; sharp focus trace lines 
at all speeds and recording on direct 
readout paper, photographic paper or 
on photographic film. 

Recording medium is a 12 in. wide, 
high-speed, direct-printout paper ac- 
tivated by a high intensity light source. 
A dark room is not needed. 

Standard field-tested d’Arsonval gal- 
vanometers may be used for simultan- 
eous rectilinear recording over 50 
channels. An extended galvanometer 
frequency range up to 5,000 cps is 
available. Midwestern Instruments, 41st 
and Sheridan, Tulsa, Okla >618 


ELECTRONIC TACHOMETERS 


PT Series high-accuracy tachometers 
measure speed electronically. Inputs 
to the tachometers are electrical pulses. 
Any repeating pulse with a known 
relationship to the speed being meas- 
ured can be used. A magnetic pickup 
close to a rotating part supplies a 
typical input pulse. In some cases the 
electrical pulse can be taken from 
the equipment whose speed is being 
measured. An example of this is an 
internal combustion engine—the igni- 
tion system supplies pulses to the 
tachometer input. 

Instruments feature 1 per cent of 
full scale accuracy with +20 per cent 
variation in power supply voltage over 
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FOR THE OF YOUR ELECTRICAL EQUIPMENT 
SILICON STEELS OF UNVARYING QUALITY 
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a wide temperature range. Power in- 
put can be 6 volts d-c, 12 volts d-c, 
or 115 volts a-c. Instrument also has 
an outlet jack for counter operation. 








Optional adjustable overspeed relays 





operate remote alarm, power cut-off 
devices or other protection equipment. 
Performance Measurements Co., 15301 
W. MeNichols, Detroit 35, Mich.*619 


A-C POWER SUPPLY, 
300-1000 CPS 
Model AE-400 variable frequency 


power supply is designed as a power 


" source for testing equipment requiring 

Flushes instrument cabinets, CAN A ae 4 power with a frequency between 300 
; oe m~/ and 1000 cps. It is primarily designed 
transmitter cubicles, and relay Y me >) to provide a source of 400 cycle power. 


racks. Mounts at any angle directly The AE-400 is rated 300 w output, con- 


against dust filter box or cabinet 
wall without additional hardware. 
Transfers 5 KW of heat at 

only 40°F rise. 


to 
i. 


STATIC en 
INCH WATER COLUMN 


tinuous duty, at 115 volts. A 25-volt 
output provides power for instrument 
testing. A feedback circuit holds the 
output voltage essentially constant from 
no load to full load. 
Electrical characteristics are: voltage 
‘ output, 26 and 115 adjustable +10 per 
pene cern — cent; frequency range, 300 to 1000 cps; 
‘ primary power, 115 volts, 50-60 cps; 
regulation, 0.5 per cent no load to full 
load, unity power factor; wave form, 
sine; fusing, input and output; recti- 


fiers, silicon diodes. Aeronautical Elec- 
tronics Sales Co., 3101 Pico Blvd., 
mfg. co., inc. Santa Monica, Calif. >620 


WOODSTOCK, NEW YORK re a ; a 
ROTRON In Canada: The Hoover Co., Ltd., Hamilton, Ont. Liserature jor the Design Engineer 
starts on page 244. 


2 8 
oo" 


AIR VOLUME -CFM 
SHOWS AVAILABLE RANGE 


ae OM TG HOLES 180014 EVENLY SPACED ON 9687 dia “ot | 


Povten emer: OVER 9 5014 OPENING 








For complete technical 
information write to: 


' 
| 
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NORTH FLAT SPRING RELAYS 


Time tested and proven telephone de- 
pendability for universal application. 


NORTH CROSSBAR SWITCH 
The most economical means of provid- 
ing maximum switching capacity (in- 
puts to outputs) with relay reliability. 





NORTH RVF ROTARY SWITCH 

Advanced bank and wiper design af- 
fords new flexibility in rotary switch 
application. 





NORTH REED ARMATURE RELAY 


Exceeds critical 
requirements in 
data switching 
systems where 
high speed, low 
level signals must 
be handled with 
minimum interes 
ference between 
channels. 


In system design... 
THERE IS A 
NORTH COMPONENT 
THAT IS RIGHT 

FOR EVERY 
APPLICATION 





NORTH IR 207 & IR 226 
Hermetically sealed general purpose 
and sensitive relays - high shock and 
vibration resistance meeting Mil. specs. 





NORTH “M” AND “E” TYPE RELAYS 


Telephone type dependability in minia- 
ture size where space requirements 
are critical, 


North engineers, specialists for over 75 years 
in the design, production and application 

of relays and switch gear, can take over your 
control system design problems and solve 
them beyond your specifications. The 
accumulated know-how of three quarters of 
a century in this specialized field can be 
applied to help you - in design, in 
component specification, and in complete 


system manufacture. 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY, 


859 SOUTH MARKET STREET © GALION, OHIO 


Available in Canada through 
Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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First polyester high-temperature 


magnet wire in full range of sizes 


— — SQUARE 


— — RECTANGULAR 


Anatherm, Anaconda’s Class 155°C polyester film- 
coated magnet wire is now available in single, 
heavy, triple and quadruple grades of round wires 


(sizes 8 through 46) and in a full range of sizes of 


formance and reliability from smaller and smaller 
equipment operating at higher and higher tem- 
peratures. 


As a polyester magnet wire, Anatherm can be 


squares and rectangulars. This is the first time a used equally successfully at any “hottest-spot” tem- 


complete range of sizes and shapes has been offered peratures over the range of 105°C to 155°C. If 
in this type wire. youre on the spot about high-temperature magnet 
Fully tested for use at temperatures up to 155°C, _ wire, ask the Man from Anaconda about Anatherm. 
Anatherm was also the first film-coated wire to meet 
the newly adopted AIEE 155°C (Class F) rating. 

Anatherm gives you greater thermal stability— 
plus excellent abrasion-resistance, chemical stabil- ites Gk Miki Liat noses tiie 
Anaconda Wire & Cable Co., 25 Broadway, 
New York 4, New York. 


ity and dielectric strength. Thus Anatherm is ideally 


suited for manufacturers seeking maximum per- 
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FROM ANACONDA...THIS WIDE VARIETY OF TOP-QUALITY MAGNET WIRES— 


ANALAC (Class A—105 € VITROTEX ass & 


solderable magnet wire jlass-insulated, high heat resistan 


PLAIN ENAMEL ass A—105 ¢ 


low-cost enameled magnet wire 
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NYFORM (Class A—105 C) 
high resistance to winding hozards 


EPOXY (Cio 


all-round compatibility 














FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 


All-new listings of manufacturer's literature just off the press .. . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


ALTITUDE PRESSURE TABLE—Wallet- 
size table gives equivalent pressures in 
millimeters of mercury for the range of 
altitudes from sea level to two million 
feet, is useful to engineers working in 
high altitude and low pressure fields. 
Table is based on the ARDC Model 
Atmosphere of 1956. F. J. Stokes Corp- 
oration. > 621 
THERMISTOR FOLDERS 
VECO Thermistor’ 


le variety of present-day 


“Meet the 
is the story of the 
growth and wi 
applications of thermistors. Five chap- 
ters—each chapter a four-page folder 

contain illustrations, circuit diagrams, 
tables and charts. A quiz on major 
points appears in each chapter with 
answers printed in the following chap- 
ter. Victory Engineering Corp. 622 
PULSE MAGNETIC AMPLIFIERS The 
combined 8-page edition of Application 
Notes No. 5 and No. 6 deals with the 
design of magnetic amplifiers using 
silicon diodes and magnetic cores. 
Notes show how greater reliability and 
flexibility can be achieved in “logic 
circuitry” by the use of silicon diodes 
combined with magnetic cores, more 
than previously was accomplished by 
vacuum tubes and relays which have 
heretofore been used for logic fune- 
tions. Hoffman Electronics Corp. 623 
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ORTHO FILTER CATALOG New 24- 
page clip-bound catalog contains com- 
plete technical data on company’s line 
of toroids, plug-in filters, band pass 
networks, high frequency band pass 
networks, antenna filters, r-f attenu- 
ators, high temperature transformers 
and magnetic amplifiers. Also contains 
a table of operational functions, dia- 
grams, and information on useful rela- 
tionships for network design. Ortho 
Filter Corporation. >624 


STRIP-CHART RECORDER—New litera- 
ture describes newest version of the 
null-balance potentiometer type, with 
optional measuring circuit input chassis. 
Portable panel-mount versions are ap- 
plicable to general laboratory use or 
incorporation into other manufacturer’s 
equipment. Recorder provides 1 per 
cent limit of error and 1 sec full-scale 
balancing time with span adjustable 
from 9 to 100 my. Varian Associates, 
Instrument Division. > 625 
MULTIPLE TRANSFORMER AND BOB- 
BIN WINDER—New catalog page illus- 
trates and describes newly designed 
more efficient heavy duty (4 to 23 AWG 
wire) multiple transformer and bobbin 
winder which form-winds coils without 
pounding. Full technical details are 
given on dimensions, types of coils 


wound, max coil OD and length, max 
leading distance for multiple winding, 
wire sizes, tension and motor equip- 
ment, gears, winding speeds and range, 
set-up time, counter, brake, selective 
stopping feature for transformer wind- 
ing. instantly reversible wire guide 
carriage, instantly adjustable winding 
width, special stop feature, dual pur- 
pose wire guides, tailstock, other fea- 
tures and ordering information. Geo. 


Stevens Mfg. Co., Inc. > 626 


PRODUCT DESIGN CASE HISTORIES 

“New Concepts for Product Leader- 
ship.” 20-page brochure on new product 
design and development, contains 24 
examples of “planned product” devel- 
opmental technique with the problem, 
solution and new design concepts used 
detailed in each case. Products dis- 


played are divided into six major 
categories: automatic programming and 
testing. instrumentation and controls, 
automated systems, data processing and 
presentation, electronic communications 
and microwave equipment. Designers 


for Industry. >627 


FLEXIBLE GEAR COUPLINGS—New C-5 
reference manual details the entire 
range of standard Sier-Bath types and 
sizes, as well as information on avail- 
able special types of couplings. In 
addition, there are sections on cost- 
cutting advantages of the product; in- 
stallation information; typical applica- 
lubrication requirements and 
engineering data to help in the selec- 


tions: 


tion of the proper coupling. Sier-Bath 
Gear and Pump Company, Inc. ~>628 


AUTOMATIC BATTERY ACTIVATION 

“New Automatic Activation Makes 
Yardney Primary and Secondary Bat- 
teries Interchangeable” describes a new 
activating method which allows Yard- 
ney primaries to be activated and oper- 
ated in any position. With this system 
activation can now be accomplished in 
split seconds, and the battery will then 
be ready to provide 100 per cent of its 
power. Compact, powerful Silvercel bat- 
teries are said to supply as much, or 
more, energy than standard batteries 
five times their size and six times their 
weight. Yardney Electric Corp. 629 


SELENIUM RECTIFIERS New 8-page, 
illustrated catalog of vacuum process 
selenium rectifiers gives complete de- 
scriptions, data and specifications for 
Syntron rectifier plates and stacks and 
for Syntron cartridge-type rectifiers and 
stacks. Syntron Company. > 630 


PUTTING AIR TO WORK— New 32-page 
booklet D-5199 covers the treatment 
and distribution of air. Booklet is well 
illustrated and has sections on air han- 
dling, air conditioning, air heating, and 
electronic air cleaning. Also included 
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do Da Vinci's design for an odometer 


EVEN DA VINCI’S ODOMETER COULD HAVE BEEN 
BETTER WITH HELP FROM AN SSF ENGINEER. 
An S&S engineer can afford to concentrate on your bearing problem rather than his 
own product line —because the SSF line includes ali four types of ball and roller 
bearings in many thousands of sizes. This gives him the kind of flexibility he needs to 
keep an open mind on any bearing problem. Give your problem to S&Fand see. 73 


EVERY TYPE-—EVERY USE 


oKF. 


SKF INDUSTRIES. INC . PHILADELPHIA 32 PA 
Spherical, Cylindrical, Ball, and Tyson Tapered Roller Bearings 


REG. U.S. PAT. OFF 
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Permanent Magnets 7) Magnetic Tapes OS 
Laminations & and Wound Cores B® 


1114 East 23rd Street, Indianapolis 7, Indiana 
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cores 


Thomas & Skinner’s Orthosil® 
Wound Cores are ideal for 
special applications and can be 
specially tested to customer re- 
quirements prior to shipment. 

These TaS Wound Cores meet 
and exceed customer require- 
ments in respect to all magnetic 
characteristics. 

Besides complete assurance of 
quality and specification con- 
formity, TaS offers its highly 
qualified engineering assistance 
—based on more than 50 years 
of experience in the magnetic 
materials industry—to help you 
select the core best suited for any 
given application. 

Ta&S’s entire organization 
prides itself in anticipating a cus- 
tomer’s problems in advance and 
providing the correct engineering 
recommendations to prevent such 
problems from materializing. 


SPECIALISTS IN 
MAGNETIC MATERIALS 
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are concise descripuions of various ap- 
plications in these categories as well 
as descriptions of the applicable prod- 
ucts, together with pertinent application 
data. Westinghouse Sturtevant Div., 
Westinghouse Electric Corp. > 631 


FLEXIBLE COUPLINGS—Fight-page Bul- 
letin 10100A has been revised to cover 
four new additions to the line of “Sure- 
Flex” couplings, which now includes 
ten sizes. Selection data and other 
engineering tables have been revised 
to include these large and small cou- 
pling sizes. Tables also include newly 
designed couplings with ductile-iron 
flanges and a special steel retaining 
ring and specially balanced couplings. 
Both new types are available in sizes 
from Nos. 5 through 12. T. B. Wood’s 
Sons Co. > 632 


MINIATURE THERMOCOUPLES—A 28- 
page catalog describes and illustrates 
complete line of miniature thermocou- 
ples available in four basic designs— 
gasket, bayonet, protected and shielded 
—each for applications. 
Gasket thermocouples are used for ac- 
surface temperature measure- 
bayonet thermocouples are 
requiring an 
with 
measuring 


particular 


curate 
ments ; 
suited for applications 
embedded measuring 
spring-loaded contact; for 
liquid or gases, protected thermocou- 


junction 


ples provide protection against corro- 
sive environments; the shielded design. 
used for measuring temperatures of 
moving gases, reduces radiation losses 
by shielding the measuring junction. 
Thermo Electric Co. Inc. > 633 


TACHOMETER-GENERATORS A 12- 
page engineering report describes test 
procedures and test equipment used in 
determining the stability. linearity and 
other characteristics of d-c tachometer 
generators. The technical nature of the 
report makes it of potential interest to 
schools and colleges, as well as com- 
mercial engineering groups. Servo-Tek 
Products Co. > 634 
ELECTRIC HEATING ELEMENTS—New 
data sheet contains complete details 
and specifications on flat, sinuated wire 
electric heating elements, designed to 
provide an economical, efficient solu- 
tion to industrial heating problems. 
For indirect immersion, surface con- 
tact, or mounting in enclosed areas. 
Syntron Company. > 635 


BIMETAL THERMOSTATS — Bulletin 
1000 describes the operating principle 
and construction of Stemco Type S 
bimetal thermostats designed for use 
in appliances or for industrial applica- 
tions. It also lists the various styles, 
applications, mountings, terminal ar- 
rangements. calibrations and ratings. 
Line drawings give all leading dimen- 


sions and show many popular optional 
features available. Stevens Manufac- 
turing Company, Ine. > 636 


GERMANIUM SWITCHING TRANSIS- 
TORS—Data sheet gives specifications 
on new series of switching transistors, 
identified as the 2N425 through 2N428 
series. These units feature improved 
beta vs current Moto- 
rola, Inc. > 637 


characteristics. 


SOCKET CAP SCREW — illustrated four- 
page bulletin describes new design, 
socket-head cap screws said to deliver 
up to 2% times the load-carrying 
capacity of their conventional counter- 
parts. Secret of the greater strength of 
the Unbrako pHd fasteners lies in 
larger diameter heads. Text, photos 
and charts illustrate how the carefully 
calculated increase in the bearing area 
under the head—coupled with ad- 
vanced design in the thread and body- 
fillet areas—combine to permit 
greater loading and higher tightening 
torques. Comparison tables show how 
the head diameter increase—a 
mum of 17 per cent—ups 
cent. Standard Pressed Steel Co. 


head 


maxi- 
usable 
> 638 


TRANSISTORIZED D-C SUPPLIES 

Product data Sorensen Q- 
Nobatrons, a line of transistorized low- 
voltage, high-current d-c supplies with 
outputs of 6, 12 or 28 volts at 15 o1 
30 w, describes these power supplies as 
offering performance om a par with 
that of the familiar B-type high-volt- 
age d-c supplies; lists their features, 
including tubeless circuitry, low ripple. 
fast response, transient-free perform- 
ance, adjustable output, wide input- 
frequency range, complete self protec- 
tion, cabinet or single or dual-rack 
mounting, isolated output, small size, 
low cost. Sorensen & Co., Inc. 639 


sheet on 


SILICON RECTIFIER FAMILIES—Data 
sheets on three new families of Tran- 
sitron silicon rectifiers cever high vol- 
tage types (combining high voltage 
and current ratings in a single junction 
cell); the subminiature group  (in- 
creases the voltage and current ratings 
available in the familiar subminiature 
glass package); and 50 amp rectifiers 
(now available with or without flexible 
lead, and with or without hex stud base 
for design versatility). Transitron Elec- 
tronic Corp. > 640 


BALANCED VANE PUMPS—Bulletin 
M5108 describes new line of “high 
performance” balanced vane pumps 
which operate at speeds up to 2000 
rpm and pressure to 2000 psi. De- 
veloped to meet the trend toward 
higher engine speeds and increased hy- 
draulic circuit pressures on mobile 
equipment, pumps offer increased 
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© .. for every 
Copper 


application 


The abundance 

and low cost 

of Hussey Copper 
now makes it possible 
to use Hussey copper 
and brass everywhere 
the characteristics 

of these metals 

fit best. 





Cc. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 


Rolling Mills and General Offices 
PITTSBURGH 19, PA. 
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We fabricate 
in more than 


different 
materials* 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS “0” RINGS 


If it’s a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 

Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. ‘‘0” 
Rings are a speciality with us. 


* Leather + Asbestos + Nylon + Vinyl + Teflon 
Silicone Rubber » Neoprene + Rubber + Cork 
Fibre * Compositions + Phenolics + Cloth + Felt 
Paper + Cardboard + Plastics « Brass + Steel 
Copper + Aluminum « Kel-F 
Other Special Materials 
Send us your specifications or 
blueprints. You'll receive 
prompt quotations and recom- 
mendations without obligations. 


AUBURN 


MANUFACTURING COMPANY 


305 Stack St., Middletown, Conn. 


New York, N. Y.; Rochester, N Y.; 
Detroit, Mich.; Chicago, t.; M lis, Minn.; Pittsburgh 
Pa.; Cincinnati, Ohio; Ridgewood, N. J.; Atlanta, Ga.; Mem- 
phis, Tena.; St. Louis, Mo.; Camden, N. J.; Washington, D. Cc. 
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power tor accessory operation while 
making important savings in space and 
weight. Also included in the bulletin 
V4240 double pumps and 
new series V300 and V440 vane pumps 


redesigned to 


are series 
increase recommended 
max operating conditions to 2000 psi 
and 2000 rpm. Vickers, Inc. >641 


SELF-RESONANT, 
INTERRUPTER 
able on the 


SEMICONDUCTOR 

Data sheets are avail- 
Vibristor, a heavy- 
duty, astable multivibrator designed to 


new 


deliver power to a transformer-coupled 
load. Two germanium power transistors 
comprise the amplifying (switching) 
elements of the system: necessary feed- 
back is internally. 
switching action is therefore essentially 
independent of the power transformer 
behavior, the Vibristor may be em- 
ployed as a separate component in 
and 

Research 


provided Since 


power inversion conversion Cir- 
cuitry. Vibration 


tories. Inc. 


Labora- 
> 642 


SILICONE MAGNET WIRE COATING 
Information on properties of a new 
modified silicone magnet wire coating 
is given in four-page brochure entitled 
“Specify Sylkyd Enameled Wire.” 
Coating suitable for Class B, Class F 
and Class H_ insulation Has 
handling properties, long shelf 
the factor as 
enameled Corning 
Corporation. -> 643 


systems. 
good 
life, 


other 


and same space 


Dow 


wires. 


ELECTRICAL INSULATING MATERIALS 

Twelve-page bulletin GER-1467 de- 
scribes characteristics and application 
range of insulating materials which are 
chemically, physically and electrically 
compatible. Includes technical data on 
available products including mica mat, 
varnished cloths and insulat- 
ing varnishes. wire enamels, Irrathene 
irradiated and 
filling compounds, finishes 
and Electric 
pany. 


papers, 
polyethylene, sealing 
insulating 
Com- 
>644 


adhesives. General 


CERAMIC TO METAL TERMINALS - 
Eight-page booklet covers application 
and description of alumina ceramic-to- 
metal terminals. Describes improved 
sealing technique utilized by Advac in 


En- 


gineering data and drawing on Advac 


Hi-voltage terminal manufacture. 
Standard and Hi-voltage terminals are 
detail. Cable end 
also included. 


seals 
Manu- 
facturing techniques are described and 
illustrated. Vacuum Pro- 
ducts, of General Cer- 
amics Corp. > 645 


covered in 
properties are 
Advanced 


Ine.. Division 


POLYESTER MOLDING COMPOUND— 
Bulletin D200 multi-colored 
thermosetting polyester molding com- 
pounds. Colored photographs illustrate 


describes 
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if you want 
reliable transformers 
..don’t overlook this old solution 


Right now, you demand more from 
transformers than ever before. You 
must have high reliability, even at 
extreme altitudes, and you need 
smaller lighter units. 


Used, and proved, for decades, oil- 
encased transformers should not be 
forgotten in a search for new 
methods. 


Everyone knows the advantages: 
effective convection of heat, excel- 


| lent insulating properties, complete 


insurance against hidden leaks. Oil- 


| sealed types (with a nitrogen bub- 
| ble) are good, light, high-altitude 


transformers. Gas-free oil-filled 


| types (with a bellows to allow for 
| heat expansion) withstand very high 
| voltage stresses. Except in the small- 


est sizes, they save space, too. 


You can place several high voltage 
units close together in a single oil- 
filled case, and save case weight. 
Those connections moved inside the 


| case no longer need large insulators. 


Even the units themselves can be 
smaller. This all adds up—particu- 
larly in high altitude service—to 
interesting savings in space and 


| weight. 


We make all sorts of transformers 
and special assemblies for the com- 
munication industry: encapsulated, 


| Cast in epoxy or foam, and just potted 


in pitch. But oil transformers still 
have an important place. 


Whatever type you need, we'll be 
glad to hear from you. Our facilities 
in design, production, and quality 
control are at your service. Our 
experience, too. 


CALEDONIA 


[ELECTRONICS AND TRANSFORMER CORPORATION | 


Dent. EM-9. Caledonia, N. Y. 
In Canada: Hackbusch Electronics, Ltd. 


23 Primrose Ave., Toronto 4, Ontario 
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FREQUENCY DISCRIMINATOR AND 
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VARIABLE 


RATIO MAIN 
AIRCRAFT 
ENGINE = oe oe oe oe > ENGINE ALTERNATOR 


TRANSMISSION 
































® 


Designed for controlling a LYCOMING variable ratio 
engine transmission which drives a typical aircraft alter- 
nator at constant speed. 


@ +0.125% (400 +0.5 cycles) accuracy. 


TYPE 24PG- 
6954 


AUXILIARY ENGINE DRIVEN 
ALTERNATOR 











@ —55°C to +125°C ambient temperature range. 


e@ Smaller, lighter, less complex through use of semi- 
conductors. 
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Other types of systems can be 
designed to your specification. For 
more information contact the Oster 


TYPE STU- 
office nearest you. 6003-01 


SERVO TORQUE UNIT 
WITH STABILIZING 
GENERATOR FEEDBACK FREQUENCY DISCRIMINATOR 
Burton Browne Advertising AND SPECIALIZED 

Other products include servos, syn SERVO AMPLIFIER 

chros, resolvers, motor-gear-trains, 


AC drive motors, DC motors, servo MANUFACTURING CoO. 
mechanism assemblies, reference and Vour Rotating Equipment Seen 
tachometer generators, servo torque 














units, actuators and motor driven Avionic Division 


blower and fan assemblies Racine. Wisconsin 


237 North Main Street 5333 So. Sepulveda Bivd 

NEW YORK Hempstead, L.I., New York NEW JERSEY sa ee a WESTERN | Culver City, California 
Phone: IVanhoe 3-4653 rvington, New Jersey Phones: EXmont 1-5742 

OFFICE TWX Hempstead N. Y. 705 OFFICE Phone: ESsex 3-2361 OFFICE TExas 0-1194 


TWX S. Mon 7671 


Interesting, varied work on designing transistor circuits 
Engineers For Advanced Projects: and servo mechanisms. 


Contact Mr. Robert Burns, Persomaal Manager, in confidence. 
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on Photocircurts 
plated-thru holes 


Heart of TITAN ICBM Inertial Guidance System 


When the Titan’s electronic umbilical cords are severed, the giant 
missile begins life. With no ground contact, its unjammable 
inertial guidance system must work...there’s no second chance. 


Arma Division of American Bosch Arma Corporation, maker of 
the Titan’s computer brain, demands printed circuit boards that 
must function the first time...every time. A defect, at any assembly 
point, means discarding the board and the costly components 
mounted on it. 


That’s why Arma relies on PHOTOCIRCUITS printed circuit 
boards with plated-thru holes to do the job. 

PHOTOCIRCUITS pioneered plated-thru holes...manufactures 
them with built-in reliability for military and industrial 
applications. 

Plated-thru hole reliability is based on PHOTOCIRCUITS’ 
unequalled experience in every phase of printed circuitry. 
Consistent dependability is the result of proper design, precision 
production and advanced quality control techniques. 

Check the advantages of plated-thru holes by PHOTOCIRCUITS 
...the largest and most experienced manufacturer in printed cir- 
cuitry. For complete information, write our Engineering 
Department PS-2 today. 


PHONES 
GLEN COVE 4-8000 
FLUSHING 7-8100 7 
CAs CORPORATION 


PROCIRCO 


GLEN COVE, NEW YORK 
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products in which material is being 
used. Color fastness in a wide range of 
opaque colors, dimensional stability. 
and physical and electrical properties 
of these polyester molding compounds 
suit them for household appliance and 
utensil parts. Discussed are suggested 
molding equipment, compression mold- 
ing pressures, closed mold technique 
pressures, preforming and preheating. 
Also treated are mold temperature, 
curing time, finishing and machining. 
drilling and tapping, and shelf life. 
Durez Plastics Division, Hooker Chem- 
ical Corp. > 646 


WELDED BELLOWS —Brochure_ de- 
scribes Formweld, a metallic welded 
bellows which has broad applications 
in the aviation, missile, instrumenta- 
tion, automation and industrial fields. 
Describes complete characteristics and 
specifications of the welded bellows. 
details testing procedures, and is illus- 
trated with pictures of typical bellows 
assemblies and drawings of various 
plate shapes. Bridgeport Thermostat 
Division, Robertshaw-Fulton Controls 
Co. >647 


ASBESTOS ELECTRICAL INSULATION 

-New product sheets on various types 
of Quinterra and Quinorgo purified 
asbestos electrical insulations gives 
general description and data on ther- 
mal stability, mechanical and chemical 
properties, dielectric strength and test 
data, including electrical properties 
after aging. Types 3 and 3, 2-ply Quin- 
terra are class “H” insulations as de- 
fined by AIEE Standards. Types 5 and 
5, 2-ply Quinterra are described as 
class “B” insulations for electrical 
equipment operating at temperatures 
up to 130 C. Johns-Manville Corpor- 
ation. > 648 


ELECTRICAL INSULATION—Complete- 
ly indexed 36-page catalog on electri- 
cal insulations for repair and main- 
tenance of motors, generators, and 
electrical or electronic equipment for 
buyers. In addition to Inmanco pack- 
aged insulation products, other prod- 
ucts included are tying cords and 
twines; cotton, asbestos and woven 
glass tapes; cotton, glass and varnished 
or saturated tubing and sleeving; mica 
plates and laminates; varnished 
fabrics; insulation papers; high tem- 
perature insulating materials for treat- 
ment of Class H units; baking and 
impregnating varnishes; and pressure 
sensitive tapes. Insulation Manufac- 
turers Corp. >649 


BRONZE ALLOYS FOR’ BUSHINGS 
AND BEARINGS—Four-page brochure, 
“Chemical and Physical Specifications 
of the Bronze Alloys,” lists various 
bronze alloys most commonly used for 
bushings and bearings. Gives alloy or 
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‘“‘MISSILE WITH A MAN IN IT’? DEMANDS SUPERSONIC WIRE... 


Lockheed F-104 Starfighter Equipped With 


Auto-Lite 350 Wire 


Newest aircraft-firepower combination of U. S. Air Force is revealed in this ae 
photo of F-104A Starfighter armed with wingtip- -installed Sidewinder guided missiles 
using infra-red tracking device to ‘“‘home in’’ on targets. 


Holder of the world’s speed and 
altitude records of 1,404.19 mph 
and 91,249 feet, the Lockheed Star- 
fighter can climb as fast as it can fly 
horizontally. Known as a ‘“‘missile 
with a man in it” the Starfighter 
has knife-sharp wings with a span 


quirements make Auto-Lite silicone- 
rubber insulated wire ideal for the 
Starfighter. Flexible at -—80°F., 
Auto-Lite 350 Wire also has high 
resistance to flame, abrasion, most 
missile and aircraft chemicals, and 
lubricants. It is smokeless, free from 


of less than 22 feet. discoloration at maximum operating 
cable temperatures, and free strip- 


High Mach number and altitude re- ping. Circuits can be printed easily 


CERAMICS COMING OF AGE... BUT FAST! 


Venerable as an art, but until recently vulnerable as a science, ceramics is 
maturing in a hurry with research men busily surveying the art, establishing 
predictability in the science and exploiting ceramic potentials for the space age. 


The desirable physical properties of ceramics are the main reasons for the present 
day accelerated interest. These properties include very high temperature resis- 
tance to thermal shock, high mechanical strength, good corrosion resistance, and 
a wide range of dielectric characteristics. Among some of the newer applications 
of ceramics are a great variety of electronic parts such as insulators, conductors, 
and semi-conductors; permanent magnets; nuclear reactor fuels and refractories; 
radomes; cermets; igniters; aircraft and missile structural members; plastics rein- 
forced with ceramic fibers; special coatings for metals; and missile nose cones. 


For men like Auto-Lite’s Robert Twells, Spark Plug Group Vice President and a 
Past President of the American Ceramic Industry, this general awakening to the 
potentials of ceramics is a vindication of a life-long interest in the development of 
the art and science of ceramics. The spark plug insulator, subjected to intense heat 
ond thermal shock and requiring high dielectric and mechanical strength within 

continued on next page 


with conventional marking ma- 
chines. Auto-Lite 350 Wire meets 
Spec. MIL-W-8777 U.S.A.F., and 
is available in sizes 22 through 2/0. 


Many missile and aircraft manu- 
facturers are finding that Auto-Lite 
350 Wire reduces over-all produc- 
tion costs, too, compared with other 
types of high temperature wire. 


New Transistorized Inkless 
Temperature Recorder 
Announced . « 62 2 6 2.86 @ 8 


ELECTRIC GRAPH LINE 
temperature 

recorder 

(Model 2200) 

that charts 

temperature 

cycles with- 

out ink is an- 

nounced by 

the General 

Products 

Group of The 

Electric Auto-Lite Company. Two 
small mercury batteries enclosed in 


continued on next page 





Ceramics— 


— continued 


an engine combustion chamber, is 
perhaps the best present day commer- 
cial utilization of these promising 
physical characteristics of ceramics. 


Dielectric 
testing of 
ceramics 

at elevated 
temperatures 


For Mr. Twells and his group of ce- 
ramic engineers at Auto-Lite, the 
years of experience in perfecting ce- 
ramic spark plug insulators have now 
become the “launching pad’’ for the 
full exploitation of ceramics in the 
space age. 


New Auto-Lite Technical 
Data and Developments... 


Magnet Wire Catalog . . . big new 32-page magnet wire 
catalog hot off the press. Send ‘for your copy today on company 
letterhead No. 609 


Reference Catalog on wire covers automotive, plastic, 
aircraft, electronic, and magnet wire. Shows test procedures, 
magnet wire guide chart and discusses acne! A valuable 
text to have on hand.. pee ...sse.... Mo. 301 


Research & Development Brochure... new 
2-color, 48-page deluxe review of research, development, 
laboratory and production facilities offered by The Electric 
Auto-Lite Company. . : 


Article on Anodizing . . . send for this comprehensive 
review of anodizing opportunities at Auto-Lite 


How Bumpers Are Produced . . 


. review this compre- 
hensive 8-page brief on how Auto-Lite mass-produces 1958 
bumpers... No. 902 


GENERAL PRODUCTS GROUP, The Electric Auto-Lite Company 
Box 931, Toledo 1, Ohio 


Please send me 


609 301 


NAME. 


Wad Hav bsdcscncebeaskbontanee 


Temperature Recorder ———\ continued 


case energize a transistor oscillator 
connected to the stylus arm. Battery 
life is more than 3000 hours. Temper- 
atures are recorded on a 6-inch evenly 
calibrated sensitized chart. Electric or 
mechanical chart drive is available for 
either 24-hour or 7-day rotation. Re- 
mote reading is provided by use of 
capillary tubing. Temperature charts 
are offered in ranges from —40°F to 
plus 550°F. Made with wall mounting 
case and in portable and self-contained 


John Hemple’s 
appointment as Ohio 
District Representative 
* and Tom Murchie’s ap- 
pointment as New York 
City Representative of 
The Electric Auto-Lite 
Sanaa General Products Group 
have been announced by Auto-Lite 
Group Sales Manager, S. T. Rose. 


With Auto-Lite since 1954 in the In- 
dustrial Instrument Division, Mr. 
Hemple has recently completed a spe- 


cial General Products Sales Training 
Program. He attended the University 
of Toledo. 


Mr. Murchie joined 9" 

the Moto Meter Com- 5 i 

pany of Long Island | 

City, New York, an © 

Auto-Lite predecessor 

company, in 1924 as a 

sales correspondent. He 

has subsequently served at the La- 
Crosse, Wisconsin, plant, and as a 
sales supervisor in Michigan, Indiana 
and New York City for the Industrial 
Instrument Division of The Electric 
Auto-Lite Company. 


Both will activate locally Auto-Lite’s 
expanded program to provide increased 
research and engineering service to the 
appliance, electronics, foods, automo- 
tive, marine, industrial, aircraft, mo- 
tors, chemical, and military markets 
served by Auto-Lite’s General Prod- 
ucts. Products included in this group 
range from inkless recorders and ther- 
mometers to anodized metals, plastics 
and light and special metal fabrica- 
tions as well as automotive, aircraft 
and industrial wire and cable. Chief 
feature of the new Auto-Lite engineer- 
ing program is the availability of 
Auto-Lite’s nineteen research and de- 
velopment laboratories for coordinated 
““project”’ engineering and research to 
expedite solution of customer product 
performance and cost requirements. 


t ENGINEER’S 
aie CORNER 


LectALite’ Advancement 
Recognized . . . To meet the needs 


and requirements of Auto-Lite customers 
it is frequently necessary to develop 
processes and adapt new materials. An 
outstanding example of this is the pioneer- 
ing done in the production of LectALite, 
an acrylic resin coated magnet wire. 


Film coated magnet wires were considered 
generally unsatisfactory for hermetic mo- 
tors, and when Lecton enamel was made 
available Auto-Lite was the first to de- 
velop a method for applying this coating 
effectively to copper conductors. The 
process is considerably different from that 
used for conventional coatings as the film 
is applied from an aqueous dispersion of 
the acrylic polymer and special stainless 
steel or chrome-plated equipment is 
required. 


Experimental production established the 
proper baking conditions, exhaustive test- 
ing was carried on in our laboratory, and 
samples were then made available to cus- 
tomers. Some trial lots have been under- 
going evaluation for more than two years 
under actual production conditions. 


One of the principal advantages of 
LectALite for hermetic motors is_ its 
exceptional resistance to Freon refriger- 
ant; the film does not 
blister or soften as other 
film coatings do, when 
cycled in Freon 12 or 
Freon 22 and lubricat- 
ing oil at elevated tem- 
peratures. Cut-through 
temperatures approxi- 
mately 80°C above those 
of Formvar and ability 
to withstand operating 
temperatures 15-25°C 
greater permit redesign 
to extend motor life, 
add overload protec- 
tion, and allow use of 
a wider selection of re- 
frigerants. 


Early in 1958 two of the 
largest manufacturers of 
Air Conditioning and 
Refrigerating equip- 
ment announced new 
hermetic motors with 
an all-synthetic system for use in com- 
pressors. This synthetic system is com- 
posed of acrylic-resin coated magnet wire, 
polyester film or acrylic-coated glass 
cloth for phase and slot insulation, and 
polyester fiber tie cords. 


Refrigerator 


a 


Air Conditioner 


The moisture content of this system is 
less than a quarter of that found in the 
usual motor winding and, as the com- 
ponents will stand higher temperatures, 
the dryout time is greatly reduced and 
lubrication oxidation during dryout is 
minimized. 

Proposed as a 130°C (Class B) magnet 
wire, LectALite offers superior perform- 
ance in many types of windings other than 
hermetic motors because of its chemical 
and thermal stability and excellent die- 
lectric strength. Sizes down to #30 AWG 
are being manufactured regularly and 
finer sizes, produced in small quantities, 
will soon be available to the trade. 


*Trademark of The Electric Auto-Lite Company 


Printed in U.S.A. 





ingot number, grade and properties of 
twenty-four alloys; also lists Military, 
SAE, Navy. Aeronautical, ASTM and 
Federal specification comparatives for 
alloys. Renewal Service, Inc. > 650 


ELECTRICAL INSULATING MATERIAL 

Forty-page booklet on acetylated 
products for electrical insulation de- 
scribes physical, chemical and electri- 
cal properties of Isocel. Included are 
illustrations and charts amplifying 
text. Sandoz. Inc. 651 


POLYPROPYLENE APPLICATIONS - 

Commercial applications for polypro- 
pylene are included in a new technical 
booklet about “Pro-fax.” Commercial 
applications include automobiles, busi- 
ness machines, containers, film, home 
appliances, refrigerator parts, valves 
and housewares. Includes mechanical 
and electrical properties and chemical 
resistance, as well as a chart listing 
typical properties of injection-molded 
Pro-fax. Hercules Powder Co. ->652 


INSULATING VARNISH—New water- 
reducible insulating varnish will 
neither burn nor support combustion. 
Ajax Emulsion insulating varnish re- 
duces fire hazards and materially cuts 
costs without sacrifice of insulating 
effectiveness. Emulsion insulating var- 
nish does not absorb any more mois- 
ture from the air than do solvent-type 
varnishes. Material has good dielectric 
strength and is unaffected by trans- 
former oils now in general use; chem- 
ical and solvent resistance are also 
excellent. Sherwin-Williams Co. 653 


CHOKE CATALOG—Four-page folder 
describes full line of chokes. Contains 
illustrations and complete specifica- 
tions on 17 types including ferrite bead 
chokes, ferrite core chokes, MIL-induc- 
tance chokes and RF chokes. National 
Company. Inc. > 654 


PHASE-SHIFTING CAPACITORS AND 
TRANSDUCERS—New 38-page _ bro- 
chure covers data developed to date 
on theoretical aspects of phase shifter 
design and application. Includes pro- 
curement drawings exhibiting dimen- 
sions of Variogon phase shifters and 
their performance specifications. Nilsen 


Mfg. Co. > 655 


VOLTAGE AND CURRENT REGULATED 
POWER SUPPLIES — Complete 16-page 
handbook for selection of best power 
supply characteristics for specific ap- 
plication requirements. Data includes 
physical dimensions and weight, regu- 
lation for line and load, ripple voltage, 
recovery time, stability, operating tem- 
perature, temperature coefficient, short 
circuit protection, overcurrent control, 
remote programming, remote error 
signal sensing, constant current char- 
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BREAK THRU 


md (Yond whom \V/(e} co) am @xelanl olelal—laia Oxel—-3 cy. 


Buy both 


caps and holders 
a 
Internal or 
external threads 


4 


Va Inserts 


accurately machined 
and securely molded in 
plastic selected 
for the job 


Buying instead of building saves: 
TIME ¢ MATERIAL + REJECTS » TEMPERS 


Makers and users of better built electric 
483 STOCK MOLD SIZES motors rely on Triple M as their source for 


precision molded brush caps and holders. . . 
for assembly without delay, and without a 
doubt about fit and performance. Send your 


prints or your problems to Triple M.. . 


GREEN CAPS + CRUED URIDERS LET’S TALK STOCK SIZE COMPONENTS! 


Micivest ‘ 


AND MANUFACTURING COMPANY 


COMMUTATORS + SLIP RINGS 





FOR ELECTRICAL APPLICATIONS 


123 ROTARY DRIVE e GURNEE, ILLINOIS 
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Precision Components. ..another Kearfott capability. acteristics, resolutions, and _—_ input 
| power. Transistorized, magnetic, and 

vacuum tube types are covered. Kepco 

Laboratories, Inc. >656 


TORQUE MOTORS—Bulletin T-1 de- 
scribes the Peerless line of torque 
motors, gives general applications, dis- 
cusses ratings, frame sizes and special 
models; also gives recommended list 
of conditions to consider in selecting 
torque motors. Typical uses and motors 
are shown. Peerless Electric Co. ~>657 


PREDESIGNED MECHANISMS & COM- 
PONENTS—New 6-page Bulletin No. 
102-58 describes complete line of pre- 
Shock, vibration, and high-temperature 
problems have been solved in Kearfott 
Precision Synchros, Servomotors, and Re ag : 
Motor-Generators. Widely used in unlimited peearees! of geared mecha- 
missiles and high-performance aircraft, nisms tor wee in breadboarding, — 
they withstand shock of up to 50-Gs type, and production applications may 
and still provide consistent performance. be assembled from the pictured com- 


200°C temperature and 2000-cps ponents: and instructions. Precision 
vibration are taken in stride by these Mechanisms Corp. > 658 
precision components. In addition to 

their environmental capabilities, small SMALL MOTOR SHIELD DATA—Data 
size, light weight, and corrosion resist- Sheet 139 illustrates and describes new 
ance, Kearfott components provide 3-laver CoNetic Netic small 
unmatched accuracy. 


designed mechanisms and components 
for the servo and instrument fields. An 


motor 
shield which attenuates magnetic and 
Synchros: available in sizes electrostatic _ noise radiating from 
25 through 8, with errors as motors used in automatic or program- 


low as 20 seconds. ming systems and other small motor 
f : applications, thus permitting adjacent 
Servomotors: available in components to be placed close to the 
sizes 18 through 8. Wound motor and to function without disturb- 


for transistorized amplifiers. ance from the motor’s field. Perfection 


Motor-Generators: available Mica Co., Magnetic Shield Div. 659 


0.01%. 15 through 8, linearity CONSTANT VOLTAGE TRANSFORMERS 
. 0- 


Significant reductions in size and 

Write today for detailed technical weight characterize new 2 kva and 
literature. 3 kva constant voltage transformers. 
Technical data is covered in a 4-page 

bulletin, CV-308, which includes a 

schematic diagram of the circuit, di- 

mensional data, and wiring diagrams 

for three-phase systems. Sola Electric 

Co. > 660 


TUBELESS D-C POWER SUPPLY—Tech- 
nical data sheet describes Model 
MA28-125 tubeless d-c power supply, a 
high-powered unit with an output of 
0-125 amp over a regulated voltage 
range continuously variable from 18 


to 36 volts d-c. Features include +0.1 ‘ 
Engineers: Kearfott offers challenging 


opportunities in advanced component and per cent typical regulation accuracy, 

ditties development. 1 per cent maximum ripple, less than 

0.1 sec response time, external sensing 

CENA ELA : ’ — terminals. Sorensen & Co. Inc. > 661 
~ PRECISION 


earfott 





FRAME GRID TUBES — New brochure 


Amperex “PQ” frame grid tubes. In- 
cludes general descriptions of three 

: new Amperex frame grid tubes for 
military systems requirements and 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. exacting industrial applications: Type 
A Subsidiary of General Precision Equipment Corporation 5847. a high-gain miniature pentode 


19) 
c 
m 
N 


m 
; contains a detailed description of 
23 
ZI 


COR PORATIO 


Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J designed for broad band amplifier ap- 
Midwest Office: 23 W. Calendar Ave., La Gronge, Ili. South Central Office: 6211 Denton Drive, Dallas, Texas ‘ % . ‘a 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. plications where a high figure of merit 
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The SCOTCH No. 1 Electrical Paper Tape 


BRANO 


this record changer motor 


coil costs one penny. It provides 


corrosion-free protection against 


shorts and shocks for at least 10 years. 


Annual insulation cost: less than 1/106! 


Can you afford less than the best? Get 


For complete information on the full line of “Scotrcn” Brand Electrical Paver 
Tapes, just write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BY-98. 


APES OF 3M CO., ST. PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK 16. CANADA: LONDON, ONTARIG 
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conomical 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding procedure 
permits economical incor- 
poration of terminal designs 
into the molded part. Thus, 
costly secondary operations 
are eliminated and you gain 
further economies. 
If your specifications include 
dimensional weve bene 
iaturization and high dielec- 

Data brochure tric strength 

ond samples 


sent on request. Get the facts on 
COSMO NYLON BOBBINS 


SALES DIVISION OFFICES 


3239 WEST 14 STREET + TOwerR 1-5597 * CLEVELAND 9, OHIO 
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TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of Cl is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 


Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division co 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 
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is required; Type 6688, for similar 
applications as the type 5847 but with 
improved base pin arrangement and 
higher transconductance; Type 6922, 
a twin-triode with separate cathodes 
featuring extremely long life. rugged 
construction, high transconductance 
and low noise properties. Ampere Elec- 
tronic Corp. > 662 


ELECTRONIC COMPONENTS—New 12- 
page bulletin gives complete informa- 
tion on line of standard and miniature 
sized plugs; standard, miniature. 
shielded, cord mounted and long frame 
jacks; phono plugs and jacks; push 
button switches, both standard and long 
frame; stack assemblies; standard and 
miniature connectors; and a line of 
adaptors for use in modifying connec- 
tions. All parts are illustrated and line 
drawings show complete construction 
details. Tables list sizes and types 
available. Richards Electrocraft,  In- 
corporated. > 663 


ELECTRICAL ENCLOSURES—L oose-leaf 
catalog describes line of dust and oil- 
tight electrical enclosures made of 
sheet steel. Included are: wiring boxes. 
control panel enclosures, control con- 
soles, pushbutton enclosures, wireways 
and wiring troughs for protection of 
electrical controls and wiring from 
interference by dust, oil and _ other 
liquids. Meet JIC and NEMA Type 12 
standards. Hoffman Engineering Corp- 
oration. > 664 


AUTOMATIC VOLTAGE REGULATORS 

Complete ratings, outline dimensions 
and prices are given in new 8-page 
Bulletin S358TM for 1 and 5. kva 
Stabiline (tubeless magnetic)  auto- 
matic voltage regulators. Have no 
tubes, transistors or moving parts. 
Stabilines described are for 115 volt, 
60 cycle +5 per cent single phase 
duty. The Superior Electric Co. 665 


GLASS MERCURY SWITCHES — Eight- 
page catalog covers line of glass mer- 
cury switches with capacity ranges 
from ma to 45 amp. With only the 
mercury moving, and with the switch 
hermetically sealed with hydrogen at- 
mosphere, long life is assured. Line 
drawings and full specifications sup- 
plied. Gordos Corp. > 666 


MASTER SWITCHES—Bulletin #5701A 
presents design features and engineer- 
ing data on a complete line of master 
switches. Available in many circuit 
combinations from 1 through 5 speeds 
in either or both forward and reverse 
direction. Master switches are used to 
provide single handle pilot control of 
hoists, cranes, oven pushers, car movers 
and other equipment using wound rotor 
or direct current motors. Bulletin con- 
tains voltage ratings, application pho- 
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aT Components Division Announces 


CONSERVATIVELY 
RATED FROM 


FEDERAL 
GOLD CROWN 


DIFFUSED JUNCTION 
silicon 


power 
rectifiers 


r £ A TF. UR: = Ss 

e ADVANCED DIFFUSION TECHNIQUES 

e STANDARD AND PROPOSED JETEC CASE STYLES 
e HIGHEST EFFICIENCY 

e@ MEETS MILITARY SPECIFICATIONS 

@ MAXIMUM RELIABILITY AND STABILITY 


| T T’s new concept in semiconductor device design has 
resulted in unique features which afford design engi- 
neers a superior silicon rectifier with highest electrical 
efficiency and maximum operating reliability. 


These newly developed devices are available in styles 
shown and include these features ... dual positive 
hermetic sealing . . . standard case designs permit 
mechanical interchangeability...designed for optimum 
heat transfer . . . controlled environmental assembly 
conditions . . . and improved engineering techniques. 


The quality of materials and production superiority of 
these silicon rectifiers is the same that has made Fed- 
eral the leader in selenium rectifiers. 


Write today for technical and engineering data. 


[had Components Division 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


P. O. BOX 412. CLIFTON, N. J. 
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tos, contact arrangements and action, 
outline diagrams, list prices and other 
ordering information. Furnas Electric 


Co. ~>667 


MAGNETIC CLUTCHES — New 8-page 
illustrated Bulletin M-101-A on mag- 
netic clutches and brakes tells how 
and where these electrically-operated 
units are used. Includes dimensions, 
torque ratings (starting and running, 
in oil or dry), power requirements, 
heat dissipation characteristics, torque 
build-up and decay time, and suggested 
control circuits. Clutches are available 
in thirteen standard sizes, with diam- 
eters from 2 to 13 in. and torque rat- 
ings from 27 to 66,000 in.-lb. Fawick 
Corp. > 668 


TEMPERATURE INDICATING CON- 
TROLLER — Illustrated brochure MC- 
168 describes “541” temperature indi- 


cating controller, tells how the basic- 

y , ally simple mechanical design offers 

NX _ advantages in installation, maintenance, 

F : adjustment, accuracy, readability, ver- 


satility and flexibility. Describes vari- 


a. ety of housing styles, temperature 
ranges and switching mechanisms avail- 
able. Fenwal Inc. > 669 
PRECISION FILAMENT VOLTAGE REG- 


ULATORS — Catalog sheet describes 


Series 1.050 precision filament voltage 
regulators available to operate from 
an input of 115 volts +10 per cent 
® to provide an output of 6.3 volts 0.10 


per cent in various current ranges. 


Other features include +0.10 per cent 

rms regulation against line and load; 

operation at frequencies from 50 to 

1600 cps: approximately 0.1 sec re- 
r A 


: covery time, all within an ambient 
The following popular models of LEDEX Rotary Solenoids temperature range of —60 to +80 C. 
will be shipped the same day or the day after receipt of Highlight is a description of a special 
order ene in quantities up to 9 of each model. filament regulator for a Diatron mass 
spectrometer tube. Electric Regulator 

MODEL ROTATION | TORQUE VALUES 


MODELS AVAILABLE WITH NUMBER POUND INCHES Corp. ->670 

= BDIE 25 .34 
Three tapped holes in - =  . 2. Se ROTARY MULTIPOLE SWITCHES— 
armature plate and scroll BD2E 25 54 New 20-page catalog covers Esco line 


iain siiaias wenden ae _ a of rotary multipole switches. Standard 
ype return spring... BD3E 25 1.18 tap, transfer, and selector switches are 


» 45 .68 . . . 
shaft extension arma- 671 28 shown in photographs and dimensioned 


ture end, dust cover and BD4E_ 25 2.92. — with ay data, ed 
. 45° 1.22 trical ratings, circuit and contact dia- 
scroll type return sprin } , 
yP ee i 95 32 grams, and instructions for ordering 
. . . or shaft extension BD5S 25° 7.05 special rotary switches. Available in 
base end, dust cover and ns ". regular file size. 884 x 11 in., and also 
= c 


. i iniature size, 4 x 5 in. Electro 
scroll type return sprin in minia 
yp pring 28 D.C. OR 115 A.C, RECTIFIED Switch Corp. ->671 


WRITE FOR BULLETIN 10-57-S 

contains complete engineering 

data on all models available 
for immediate delivery 























CONTINUOUS STRIP ELECTRICAL 
TERMINALS — New 16-page illustrated 
catalog describes wide variety of strip 
terminals available and a number of 
| dimension charts for easy, accurate 

123 WEBSTER STREET, DAYTON, OHIO | selection. Terminals include snap-on 
IN CANADA: Marsland Engineering Ltd., Kitchener, Ontario male and female types in both straight 
IN EUROPE: NSF Ltd., 31-32 Alfred Place, London, England and flag varieties as well as ring, spade 
NSF, GmbH, Further Strasse 101a, Nurnberg, Germany and hook terminals. All are available 
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ON LABOR COSTS ALONE, P 


-K FASTENERS 


SAVED NEARLY $10,000 PER YEAR 


“For fastenings in steel, in plastics, and in die 
cast aluminum, we switched to P-K Self-tapping 
Screws and save time and money in every case,” 
says Henry Teller, Supervisor of Assembly 
Standards, Royal Typewriter plants of the Royal 
McBee Corporation. 

“‘At our Hartford plant alone, where more 
than 500,000 typewriters per year are assembled, 
we use P-K Self-tapping Screws for speedy, 
dependable fastening of Tenite plastic space 


ROYAL McBEE CORPORATION 


bars, space bar stops and buffers, top covers and 
base masks, cover hinges and latches and many 
other assembly operations. 

‘Waste is ended, too. For example, just a bit 
too much pressure with air guns or the slightest 
angle when inserting ordinary screws, often caused 
stripping of the hole and a discarded space 
bar. Now, with P-K Screws, production is un- 
interrupted—rejections practically eliminated.” 


Royal McBee Corporation’s experience with ¢ )) 
Parker-Kalon Self-tapping Screws is typical of ~ 

literally thousands of similar cases. A P-K® 

Field Engineer will be glad to discuss your 

fastening applications— show you how you, 

too, can effect real savings. 


PARKER-KALON scirsapping screws 


Sold everywhere through leading Industrial Supply Distributors 
PARKER-KALON DIVISION, General American Transportation Corporation, Clifton, New Jersey 
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Kester FLtux-Core Sowper is the time-proved solution 
to every soldering requirement. The exact tin-lead 


alloy, tailored-to-the-job flux content, quality ingre- 


dients and manufacture ... all these add up to a “letter 
perfect” product ...in the letters “Kester SoLpEr.” 


WRITE TODAY for the KESTER 78 


page textbook “Solder . . . ~ ee , 
Its Fundamentals and os 
Usage.” Free! LD, } 
pt 4 


KESTER SOLDER 


4209 Wrightwood Avenue e Chicago 339, Illinois 


Newark 5, New Jersey e Brantford, Canada 
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with or without insulation grips and 
feature the “Convex Rib” wire grip. 
Kent Mfg. Corp.. Subsidiary of Thomas 
& Betts Co. >672 


HIGH VOLTAGE SWITCH Bulletin 
158-HV gives performance data and 
environmental conditions for C-80335- 
001 hermetically sealed high voltage 
rotary selector switch. Rated at 1650 
volts d-c and 20 ma, switch has remote 
control applications in automation, elec- 
tronics, and general industry, as well 
as the aircraft and missile field. G. H. 
Leland. Inc. >673 


QUICK CONNECT SWITCH Data 
sheet 146 describes new quic k connect 
switch, ultra-small in size but high in 
electrical « apacity. Lead re eptac les 
can be attached in seconds, speeding 
up appliance and vending machine pro- 
duction line assembly. UL listing is 


250 volts a-c: Vy amp, 


10 amp, 125 o1 
125 volts d-c: 14 amp, 250 volts d-c. 
Contact arrangement is SPDT. Micro 


Switch. a Div. of Honeywell. >674 


TOROIDAL WINDER \ 4-page bro- 
chure on new electronically controlled 
Model TW 300 toroidal winder pictures 
complete machine and its major com- 
ponents and accessories, includes de- 
scriptive material relevant to its opera- 


tion. Boesch Mfg. Co.. Inc. >675 


RESISTANCE DECADE BOXES —Catalog 
20D illustrates decade boxes of two 
basic designs offering both horizontal 
and vertical panel arrangements. All 
use aluminum alloy panels and gray 
walnut boxes. Units from 2 to 5 dials 
and accuracies ranging from 0.05 per 
cent to 1 per cent, totally shielded 
circuitry. Nearly 150 types are listed. 
Cinema Engineering, Division of Aero- 


vox Corp. >676 


INDICATOR LIGHT ASSEMBLY—New 
data sheet covers “Mineon” Type No. 
R115 indicator light assembly for use 
with glow-type neon lamps. Introduces 
new “Taperlug” terminal as an alter- 
nate to the Amp “53” Series taper pin 
terminal for uses where the latter is 
not practical (such as in smaller vol- 
ume applications). Drake Manufactur- 
ing Co. >677 


SMALL A-C SPECIALTY MOTORS 

Four-page Bulletin GEC-1502 discusses 
complete line of small a-c motors for 
a wide variety of applications. Avail- 
able in 3-, 3%- and 47x,-in. diam includ- 
ing eight different starting types; 2-, 4- 
and 6-pole constructions and ratings 
from 5 mhp to 1% hp. Motor selection 
chart shows over 200 rating combina- 
tions available in the three small a-c 
motor frame sizes. Gives motor dimen- 
sions and illustrates construction fea- 
tures, typical speed-torque curves of 
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BOOST PRODUCT EFFICIENCY 
qu@ SALES APPEAL... 


Sturdy little Stackpole Slide Switches provide almost any desired 

switching arrangement at rock-bottom cost. Features include 14, 1 and 

3 ampere 125 volt ratings in U.L. Inspected types; 1 to 3 pole types 

with up to 4 positions; momentary or maintained contact designs; lug, 

printed wiring or wire-wrap terminals; and many special types such as 

plunger-operated spring return, 4-gang SP-DT, and many more. 
WRITE FOR SLIDE SWITCH BULLETIN RC-11D to: 

Electronic Components Division, STACKPOLE CARBON CO., St. Marys, Pa. 


...- WITH 13 
Standard 
7 LOW COST 
(g; TYPES 


... the most complete line 


DP-DT, 3 ampere DP-DT, 0.5 amp, 
Type $$-33 " Spring-return Type $$-5 


SP-DT, 3 ampere SP-DT, 3 amp, 
Type $$-26-1 Spring-return Type $S-9 


~~ ne 


SP-DT, 3 amp, 
Spring-return Type $S-27 Type $$-50 


Coldite 704+@ fixed composition resistors ° Snap and Slide Switches 


3-Position, 3 ampere 


a, ee ee | 
ar Bra cs 
& i 4 | . 
z 3 


OP-DT, 0.5 ampere 


SLIDE 
SWITCHES 


4-Position SP-DT, 4-gang 
Type $S$-18 Type $$-21 


SP-ST, Pushbutton SP-DT, 1 ampere 
Type $$-15 Type $S-32 . 


3 Pole-Double Throw 3-Position, 0.5 ampere 
Type $S-8 Type S$S-16 


<a - = 
a A a 


ro ef 3 S 
Ces GG 
O.% 


Ceramag® ferromagnetic cores ° Variable composition 


resistors e Ceramagnet® ceramic magnets ° Fixed composition capacitors e Iron cores e Brushes for all rotating electrical 
equipment ° Electrical contacts ° Hundreds of related carbon, graphite and metal powder products. 
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TYPE ST-710 


MOLDED ‘“TINI-PLUG’’ 
CABLE ASSEMBLIES 


Your Solution to a Time Consuming Job... 
It is no longer necessary for the equipment manufacturer to purchase connectors, plugs, 
and cables separately, and make up their own assemblies. Switchcraft does it for you. 


TYPE RA—Right Angle Tini Phone Plug - 

2 sizes) for equipment where it is Featuring: 

desirable to bring out the cable at right ? s F 
angles to the plug “‘finger’’. Suitable e Attractive Switchcraft Design. 


where equipment Jack is recessed. Completely Shielded 


oe 
TYPE ST—Straight Tini Phone Plug (4 © Built to requirements. 
sizes) with a convenient finger grip on 
the handle but short enough to fit all e 
equipment. 


Terminations as required. 


Send for catalog supplement S-592 


5539 N. Elston Ave., 
Chicago 30, Ill. 


Canadian Rep: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 
Circle 264 on page 17 


gue, EQUI-TORQU 


Tite), et) 43 we 
Development - a #25 


og RADIO CORES 


‘ ee Originators of 


® 
ooo ENGINEERED ECONOMY 


Loss 


Corre cls: for IROW CORES 


Non-uniformity Get even, smooth-running, satisfactory torque control in 
application of threaded cores to coil forms with 


of torque in phenolic EQUI-TORQUE PROCESS #25! 
impregnated coil forms 
* Specially processed *% Lubricates to ease 
tacky wax torque 


* impregnated in * Compensates for 
cores low torque 


* Covers all thread Uniform running 
torque 
* Wax withstands Equatlizes initial 
200°F. and running torque 


*% Recycling No deterrent in 
excellent function with aging 
*Trademark 
Operational tested and now being used by leading 
television, radio and coil manufacturers. 


Write for samples and further information today ! 
WDE 


PO R 

| nc Phone: mM Pp! 
GArden 2-3353 

FEDERATION 


9540 SOUTH TULLEY AVENUE @ OAK LAWN, ILLINOIS Copyright 1958 
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the various starting types offered, and 
connection diagrams. General Electric 


Co. >678 


FLEXIBLE DRIVE COUPLINGS —- New 
four-page, two-color catalog on the 
Magnaloy line of flexible drive cou- 
plings describes both the Series A, 
press-on type, and the Series B, inter- 
changeable-hub designs. These mag- 
nesium alloy couplings are available 
for shaft sizes *g to 6 in. Complete 
specifications, exploded view photos, 
and cut-away drawings are shown. De- 
troit Power Coupling Co. >679 


PRECISION POTENTIOMETERS — Bro- 
chure describes latest designs of single 
and multi-turn precision potentiometers. 
Standard models meet numerous ap 
plications wherever mechanical preci- 
sion and high electrical accuracy are 
of prime importance. Designs can be 
modified and specifications varied to 
provide prototype models of special 
electrical and mechanical designs in 
a wide range of sizes and functional 
performance characteristics. Electro- 


math Corp. > 680 


PRODUCTION CHILLING AND EN- 
VIRONMENTAL TEST UNITS—Shrink- 
fit assembly of metal parts, metal 
treatment through chilling, gas de- 
hydration, and metal and material test- 
ing are a few of many industrial opera- 
tions performed by chilling equipment 
and test chambers described in a new 
12-page catalog which illustrates 13 
models of chilling machines and 11 
models of industrial temperature test- 
ing units. including equipment to 
simulate high altitude supersonic con- 
ditions. Cincinnati Sub-Zero Prod- 


ucts. >681 


MULTIPLE VARIABLE’ RESISTOR - 

Model 5 Radiohm, new 44 w multiple 
miniature variable resistor, can be sup- 
plied with up to 4 variable resistors on 
a single steatite base plate. The 4-re- 
sistor unit measures only 214 x 34 in. 
and units with fewer resistors are pro- 
portionally smaller. Resistance range 
of the units is 1000 ohms to 5 meg- 
ohms, +35 per cent, linear taper. 
Centralab, Division of Globe-Union, 


Inc. > 682 


CLUTCHES—Twenty-page catalog No. 
6304-1A provides detailed application 
reference material for use by machine 
tool and machinery designers and ap- 
plication engineers on ITE Electro 
Clutches. Gives examples of actual ap- 
plications, provides data and specifica- 
tions on complete clutch line. and 
summarizes general application infor- 
mation. Available in 6 basic designs 
with torque capacities from 1.8 through 
13,000 Ib-ft. I-T-E Circuit Breaker 
Company. ->683 
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 


GUARANTEED PERMEABILITY OF MOLY PERMALLOY... 


at values higher than old average specifications 


Molybdenum Permalloy nickel-iron strip is now avail- 
able from Allegheny Ludlum with guaranteed permeability 
values. And the new guarantees are much higher than 
the old typical values. This exceptionally high quality 
means absolute uniformity for the user—new consistency 
and predictability for magnetic core performance. 

Improved permeability of A-L Moly Permalloy is the 
result of Allegheny’s program of production research on 
nickel-bearing electrical alloys. A similar improvement 
has been made in AL-4750 strip steel. Research is con- 
tinuing on silicon steels including A-L’s famous Silectron 
(grain oriented silicon steel), plus other magnetic alloys. 


ALLEGHENY 


wsw 7273 


Another plus in dealing with Allegheny Ludlum is the 
operation of complete lamination fabrication and heat 
treatment facilities. A-L’s years of experience in produc- 
ing quality laminations result in practical know-how in 
solving problems common to core materials. 

This working knowledge is available to all. Give us a 
call for prompt technical assistance on any problem 
involving electrical steels, laminations, or magnetic 
materials. Write for more information on A-L Moly 
Permalloy. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. EM-9. 


LUDLUM 


STEELMAKERS TO THE ELECTRICAL INDUSTRY 


Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution, Laminations: AD. AURIEMA, NYC 4 
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TAKE THE GUESSWORK 
OUT OF MOTOR SELECTION 


Don’t trust to luck when selecting a 
drive for your machinery. Be sure! 
A Sterling Application Engineer will 
help you select a Sterling Electric 
Power Drive System that produces 
startling increases in machine per- 
formance at lower operating costs. 


INQUIRE TODAY 


TERLING 


ELECTRIC MOTORS 


Plants 
Multi-Mount LOS ANGELES 22 + CINCINNATI 12 
Speed Reducers Offices and Stocks in Principal Cities 
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NUCLEAR INSTRUMENTS Condensed 
catalog describes line of nuclear instru- 
ments for research and industrial con- 
trol. Includes non-overload amplifiers 
for scintillation spectroscopy, radiation 
monitoring and proportional counter 
analysis. Also shows mercury switch 
pulsers, preamplifiers. counters, scalers 
and high-voltage power supplies. Pre 
sents general descriptions and_ basic 
specifications. Hamner Electronics Com- 
pany. Ine. > 684 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source, 


DATA RECORDING DEVICES—“Elec- 
tronic and Electromechanical Sampling 
Devices for Multichannel Instrumenta- 
tion.” a 16-page booklet written by 
John F. Brinster, an authority in the 
development of data-recording devices 
for aircraft and space missiles, contains 
more than 35 diagrams and_ photo- 
graphs. It is available at no cost to 
those requesting it on their company 
letterhead from General Devices, Inc.. 
P.O. Box 253, Princeton, N. J. 


POWER SUPPLIES—Fight-page catalog 
E-58 illustrates and describes complete 
line of d-c power supplies, a-c line 
regulators, and static inverters. Copies 
of the catalog may be obtained by ad- 
dressing requests on company letter- 
head to Perkin Engineering Corp., 343 
Kansas St., El Segundo, Calif. 


METALLIZED PAPER CAPACITORS 
Engineering Bulletins 2211A and 2210 
give complete engineering data on the 
new Type 118P Difilm metallized ca- 
pacitors which utilize double insulation 
of both metallized paper and polyester 
film to give the best performance 
characteristics with regard to tempera- 
ture and reliability. 

Also described are the Type 121P 
metallized paper capacitors for those 
applications which do not require such 
high insulation resistance. 

Technical Paper 58-2 entitled “Some 
Guideposts to the Use of Metallized 
Capacitors” contains further informa- 
tion on the characteristics of metallized 
capacitors. 

The bulletins, as well as the techni- 
cal paper, are available on letterhead 
request from Sprague Electric Co., 307 
Marshall St., North Adams, Mass. 
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[o ELLIOTT ¢ Type “N” 


Motor Leads are 
RLU Chast melite 


Protected .& JA 
Ke 


Natvar tubing installed on coil leads and 


connectors of a larger a-c motor, 


VINYL COATED FIBERGLAS TUBING 


“ 


The Crocker-Wheeler plant of Elliott 


Company builds a wide variety of elec- 
trical motors in sizes up to 200 hp. 


Natvar vinyl coated fiberglas Sinai mo Natvar vinyl coated tubing is widely 


plied to these a-c field coil leads, gives or : $7 . 
ample electrical protection and flexes easily, CZ » * 4 used om Crocker-Wheeler als induc- 
tion motors in both large and small 


ratings, 


Factors which make Natvar tubing especially suitable for the protec- 
Natvar Products tion o. motor coil leads and connectors are its uniformly high dielectric 


Varniched camberiemcieth end tepe value, mechanical strength, resilience, and resistance to cold flow. It is 


Vewsiched conves end duct used in both Class A and Class B insulated machines. 
Varnished silk and special rayon 





Varnished—Silicone coated Fiberglas | 


Varnished papers—rope and kraft If you need insulating materials with good physical and electrical prop- 


Slot cell combinations, Aboglas © 


® 


el erties and exceptional uniformity, it will pay you to get in touch with 
soglas* 


eeeeeee#eee#s @# 


| 
| 
sheet and tape 
| 
| 


Isolastane® sheet, tape, tubing your distributor or with us direct. 


and sleeving 


Vinyl! coated—varnished tubing 

and sleeving 

Extruded vinyl tubing and tape a ¢  @) R P (@) Rg AT ] ON ee 
Styroflex® flexible polystyrene tape 


Extruded identification markers FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
k for tal . 24 
Ask for Catalog No. 2 FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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(Advertisement) 


by R. George Roesch 
Eliminate 
Manual Operations 
for Uniformity 


The efficiency of many manual 
wire-processing operations may 
now appear to be perfect for the 
specific jobs for which they are 
used. The actual efficiency, how- 
ever, is limited by the manual 
operations. it is impossible for 
anyone to do something time after 
time, exactly the same way. Hon- 
est human effort can result in 
some errors. 


Mechanized Wire Processing 


One logical way of attaining prac- 
tical quality control of wire proc- 
essing—has proved to be mecha- 
nized Wire Processing Equipment 
developed for the specific job. 


Assuming uniformity of product 
up to the Wire Processing Equip- 
ment, such mechanical processing 
can result in uniform high quality 
every time. 


A typical example is this mecha- 
nized wire cutter and stripper de- 
signed for shunt coils wound with 
AWG No. 30 Formvar-insulated 
wire. Except for hand loading, the 
operation is completely automatic, 
at the rate of 1,620 coils per hour 
with one operator. 


If you have a production wire- 
processing job, we would like to 
discuss it with you. 


THE ERASER CO., INC. 
1068 S. Clinton St., Syracuse 4, N. Y. 


REPRESENTATIVES: 


There are still a few choice territories 
open, offering unusual opportunities for 
service and profit. Write R. George 
Roesch. 





266 Circle 269 on page 17 





Editorial Reprints 





\s manuscripts are projected for pub- 
lication in each issue of ELEcrrical 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form, 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELrecrricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

Vo. of Number of pages 

Reprints 1-12 16-32 

] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 


25 50 12.50 





REPRINTS NOW AVAILABLE 


High Voltage Transistor Regulated 
Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d- 
output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


Silicon Power Rectifiers—A Survey, 
September 1958, 11 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 

allowable surge, etc. (707) 

Magnetic Properties of Stainless 
Steels, September 1958, 5 pages. 
Practical tips on selecting a corros- 
ion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 

Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The re- 
sults of a program for evaluating 


commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Op 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 

Dynamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


British Magnetic Amplifier Develop- 
ments, July 1958, 7 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
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Taylor copper-clad laminate printed circuits 


reduce cost of TV crossover network by 66% 


Also eliminate subsequent installation costs and improve reliability of part 


Hugh H. Eby Company, Philadelphia, Pa., has reduced 
the cost of producing crossover networks for VHF-UHF 
television sets approximately two-thirds by changing 
production methods and switching to circuits printed on 
Taylor copper-clad laminate. It has also eliminated sub- 
sequent installation of the part on antenna masts, there- 


by greatly improving part reliability. 


Taylor copper-clad laminate was selected for two rea- 
sons: dimensionally stable after hot punching, it assures 
uniform hole size and good registration; its rolled-copper 
surface, free of pinholes, pits and lead inclusions, pro- 


vides consistently good etched circuits. 


You, too, may have applications where Taylor copper- 
clad laminates will cut costs and improve reliability. Our 
application engineers will be glad to discuss them with 
you. Both the Norristown, Pa., and La Verne, Calif., 
plants are equipped for prompt supply of basic materials 
or fabricated parts. Write us for details. TAYLOR 
FIBRE CO., Norristown 37, Pa. 
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LAMINATED PLASTICS 
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Above (right) is shown the old-style crossover network with its 
housing. Below it is the new printed-circuit network. The small, 
compact network costs one-third as much to produce and is 
assembled in the television set instead of on the antenna mast. 


Jor 


VULCANIZED FIBRE 
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Never underestimate the molding possibilities of TEFLON*, in the hands of 
United States Gasket. 

True, it is probably the most difficult of all plastics to mold. But U.S.G. 
specializes in difficult moldings, involving precision tolerances, intricate 
shapes, inserts, molding around metallic structures, etc. 


They are equipped with unusual “know-how” gained as pioneers and leaders 
in fluorocarbon plastics fabrication, and the most modern specialized facili- 
ties and techniques for cold molding and sintering of TEFLON T.F.E., as 
well as the injection molding of KEL-F{t and the new thermoplastic 
TEFLON F.E.P. 


Send us your difficult fluorocarbon molding problems for quotations. And 
call upon us, too, for your requirements of fluorocarbon and nylon sheets, 
discs, tape, rods, tubing, bars, cylinders, etc., from the world’s largest and 
most complete stocks. 


For prompt service, contact one of The Garlock Packing 
Company’s 30 sales offices and warehouses throughout 


+M.M.&M. Trademark the U.S. and Canada, or write 
*du Pont Trademark 


‘U\nited 
Sitates 
Glasket Plastics Duision of 
GARLO CF 


United States Gasket Company 
Camden 1, New Jersey 
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wave amplifier, a tull-wave d-e 

power supply, and a bridge full- 

wave auto-self-excited amplifier. 
(732) 


The Molecular Key to Dielectric Prop- 
erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico- 
chemical principles of gaseous, liq- 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 
included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Effects of Radiation Environment on 
Structural Metals, June 1958, 9 
pages. The mechanism and types of 


radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 


effects of radiation without com- 
promising their original properties 
and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
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INCREASE 
PRODUCTION 


—with Hi-Speed BANDOLUG Machine—Burndy's the terminal barrel for a perfect connection. Inade- 
Automatic BANDOLUG machine offers a faster, quately stripped wire automatically rejected. A 
more reliable method of terminating wire. Banded single machine accommodates cable sizes AN24 
INSULUGs, mechanically secured to 1000 or 3000- thru 12,and 19 different stud variations. For smaller 
lug flexible metal bands, are machine-fed into a production runs, a variety of hand, hydraulic and 
die-set—the operator merely inserts the wire into pneumatic tools is available. 





Yi same 
9 ae : Raia ES 


—with Banded INSULUG Terminals—Color-coded, (permitting a rapid, visual check of wire insertion); 
nylon-insulated INSULUGs, constructed of pure insulation grips; and one-piece design. Fully 
electrolytic copper for maximum conductivity, are tested to meet or exceed Military Specifications, 
tin-plated to resist corrosion and maintain low con- INSULUGs withstand 1500 volts r.m.s., and are not 
tact resistance. Available with round, spade, or affected by vibration or temperature extremes from 
fork tongue, all INSULUGs feature inspection holes —67°F. to 250°F. 











For detailed information, write OMATON DIVISION 


URNDY 


Norwalk, Connect.; Toronto, Canada...in Europe: Antwerp, Belgium 58-15 
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Varian 


STRIP 
CHART 


Recorders 


aS 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders ... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $340 for the G-10 
and $450 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 


VA RIAN apebchateh 


INSTRUMENT DIVISION 
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equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 


1957. (726) 


Basic Statistics for the Design En- 


gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex- 
periments and analysis of data, 
quality control, operations research, 
and life testing programs. Examples 
are discussed, illustrating some 
practical applications in equipment 
design. (736) 


Crossbar Switch Applications, April 


1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol; digital-to-analog conversion; 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Selenium Rectifier Selection and Cir- 


cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


Ferroelectrics as Solid-State Devices, 


March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 


devices. (714) 


International Standards for Motor | 


Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed JI.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 
are described. (708) 


Evaluation and Applications for Fiber- 


Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 


*PURE TIN plated on Somers Thin Strip. 


Somers engineers have developed a 
special hot tin plate process which 
now will provide the smooth surface, 
solderability, adherence and complete 
absence of slag so essential to manu- 
facturers of: 


PRINTED CIRCUITS 
CAPACITORS 
CABLE WRAPPING 


Tin coatings of .00002 to .00008 and 
.0002 to .0003 are available on brass, 
copper, bronze and other Thin Strip 
metals in gauges from .012 down to 
.002, widths from Ye” to 6” and wider. 


And, of course, Somers exacting stand- 
ards for tolerance, tensile strength 
and other physical properties are 
rigidly maintained. 


Whatever your requirements for tin 
plated thin strip, you can depend on 
Somers long experience and modern 
equipment for a quality product. 


Write for further information and 
confidential data blank. Somers will 
gladly analyze your problem with- 
out obligation. 


oR EXACTING STANDARDS On 
t ly 


Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN. 
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TOTAL COVERAGE 

No matter which way the wind blows with 
your blower unit requirements — belt-driven, 
direct drive or radial-axial mixed flow 


Torrington has the solution to your problems. 


This means complete technical data and 
the proved-out performance rating on three 


lines of basic blower unit designs. 


In addition to the standard direct drive units 
and the already famous VariBasic belt 

driven series, latest and most spectacular 
addition is the exclusive Radiax unit, 
combining the optimum performance 
characteristics of both radial and axial 


flow techniques. 
The result is FULL COVERAGE —the best 


“problem insurance” you could have. 


Talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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with Chassis -Trak slides 
WEIGHT is no problem... 


The slides above are only .250” thin 
and weigh only 9 Ibs., yet they are 
supporting a man weighing over 200 
Ibs. This is a graphic illustration of 
rigid support at the full open position. 
And, Chassis-Trak slides give 
smooth slide action! They are pro- 
duced from cold rolled steel. The per- 
manent-dry, dust-repellent finish is a 
special 400° “baked on” epoxy phenol 
formulation that eliminates mainte- 
nance ... the longer you use Chassis- 
Trak slides, the smoother they operate. 
A new design feature on Chassis- 
Trak slides increases the bearing area 
by almost 113% over previous models. 
This makes the slide even stronger, and 
is especially important on military or 
aircraft equipment, where extreme vVi- 
bration or shock conditions exist. 
Chassis-Trak slides are available in 
nine lengths, designed to support from 
175 lbs. to 275 Ibs... . in either the 


“basic” model (pictured above), which 
tilts freely upward, or the “detent” 
model, which tilts and locks in seven 
different positions and they are 
available from stock now! 

Before making a slide selection, in- 
vestigate the extra-strong, pencil thin 
slide that is built for standard racks and 
cabinets . . . Chassis-Trak. 


“Detent” model, locked in one 
of seven different positions. 


For further information contact: 


525 South Webster, Indianapolis 19, Indiana 
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Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


Designing Minimum Weight Mag- 


netic Cores, February 1958, 8 
pages. A straightforward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
related components. Three exam- 
ples given. (706) 


The Anatomy of Automation, January 


and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 
tions. (727) 


Foamed Plastics for Structural Func- 


tions in Electronic Equipment, Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele 
ments made from foamed plastics 
in mechanical parts such as mount- 
ing plates (in equipment such as 
airborne electronic systems) where 
severe vibration and other severe 
environmental conditions apply 
Use of foam embedments as an as- 
sociated technique is also described 


(709) 


Design Advances from Magnetism Re- 


search, January 1958, 16 pages. 
Commercial significance and design 
promise of new developments in 
soft magnetic alloys, particularly 
cube-oriented silicon-iron for powe: 
equipment; permanent magnets, in 
cluding design techniques for cur 
rent and soon-coming new materi- 
als; thin magnetic films and other 
promising candidates for computer 
memory devices; ferrites, garnets 
and the revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con- 
ference on Magnetism. (704) 


Research Progress in Dielectrics— 


1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: materials for severe tem- 
perature and other environmental 
conditions in supersonic missile and 
aircraft applications; radiation re 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
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You can get what 


YOU WANT 


sad 


TECHNICAL 
CERAMICS 


At this one source 
' Ao) you will find.... 


Industry’s widest selection: Aluminas, 
rs MORE MATERIALS Aluminum Silicates, Cordierites, Forsterites, 
Lavas, Magnesium Silicates, Silicon Car- 
bides, Steatites, Titanium Dioxides, Zir- 
cons, Zirconium Oxides. Characteristics 
carefully matched with applications. Spe- 

cial formulations for special needs. 


Modern machinery in depth for volume 
production by the most efficient methods. 
Great latitude in shapes and sizes. Spe- 
cial equipment for holding precision toler- 
ances. The latest inspection instruments. 
Kilns of many kinds. Hand-machined pro- 
totypes for testing your designs before 
tooling if desired. 


AlSiMag production is a science . . . but 
also an art. Technical knowledge and 
skilled craftsmen are equally important. 
Here exclusive techniques have been de- 
veloped over more than half a century of 
specialized experience. Our engineers can 
often offer redesign suggestions to im- 
prove performance and reduce costs. 


Designs carefully studied before orders ac- 
cepted . . . but in almost 100% of the cases 
which are accepted, AlSiMag parts are pro- 
duced to specification on promised schedule. 
Blueprint or sketch with details of operation 
will bring you complete information on 
AlSiMag for your application. 








innnecaia Waaiig ane, Red AMERICAN LAVA [ ciaranoosa s. ose 
Mainteenieg: COON Cc oO R P oO RA T I oO ay 57TH YEAR OF CERAMIC LEADERSHIP 


For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local telephone 

directory): Atlanta, Ga. * Boston: Newton Center, Mass. * Buffalo, N. Y. * Chicago: Bedford Park, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, 

Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, Cal. * New York: Ridgefield, N. J. * Philadelphia, Pa. * St. Louis, Mo. * St. Paul, 

Minn. * So. San Francisco, Cal. * Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ontario. 
All other export: Minnesota Mining & Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 
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Hi MICRO SWITCH Precision Switches 


Actual Size 


We've Miniaturized 
a Mercury Switch 


WEIGHT: 0.9 gram...31 switches to the ounce. TUBE 
LENGTH: 0.75". TUBE DIAMETER: 0.174" nominal. 
MAXIMUM DIFFERENTIAL ANGLE: 70° at % amp. 
ac-dc. 5° at % amp. ac-dc. MINIMUM LIFE: 300,000 


operations at % amp. 


The combination of small size and depend- 
ability of this new mercury switch fits it for 
broad use in instrumentation, electronics, 
and general industry. 


In many applications the extremely low mass 
shift involved in its operation is of special 
value in terms of minimum change in center 
of gravity or minimum physical energy 
required for operation. 


The switch is supplied with super-flexible 
leads. It can be supplied with a variety of 
types of lead wire, lead lengths, lead insula- 
tions, terminals, and sealing cements. The 
switch is easily clip mounted. Clips are 
available from MICRO SWITCH. 

The AS419-1 is available for immediate 
shipment. For information and prices, send 
for Data Sheet 149. 


MICRO SWITCH . . . FREEPORT, ILL. 


A division of Honeywell 
In Canada: Honeywell Controls, Ltd., 
Toronto 17, Ontario 


a= @ a= 


The two-word name MICRO SWITCH is NOT a generic term, 
It is the name of a division of Honeywell. 


Honeywell 
MICRO SWITCH PRECISION SWITCHES 
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insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 
cable. Table and graphs. (712) 


Design and Application of Hysteresis 


Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 


tions. (733) 


New Procedures for Designing Linear 


and Swinging Chokes, December 
1957, 8 pages. A simple, widely 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 
given. (702) 


Analysis and Elimination of Corona 


Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 
scribed. (701) 


Housing Design for Centrifugal Blow- 


ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered: 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 


Evaluation of Enameled Magnet Wire 


and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, Nylon, Nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 
tages of specific types, trade names, 
and applicable standards. (729) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
(Continued on page 278) 
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restricted specification 


Oftentimes, sound selection of cold rolled strip 
steel should involve more than making a 
choice of one or more readily available, 
standard specifications. To achieve best 
fabricating results, or to improve manufac- 
turing performance and end-product supe- 


product 


Deep drawn part 
produced with - 
multiple 7 
stage 
die. 





Size—3” x .010 









Finish—#2 





J&L STRIP STEEL DIVISION produces a full line 
of restricted and standard specification strip 
steel in these grades and types: 

Low Carbon 


High Carbon 


Electrolytic Zinc, Tin, 
Copper & Brass Coated 


Tempered Spring Steel ay 
Molten Zinc Coated Stainless 
(JalZinc) Painted 





STEEL 




















TYPICAL APPLICATION... 


specification 


Low Carbon Deep Drawing Steel 


Analysis—AISI—1010 
Temper—Deep drawing, non-scalloping 


Tolerance + .0002 including crown 
Width Tolerance + .002 
Coil Size—250# per inch width min. 





OPTIMUM RESULTS 


TNS PRiRy STEEL DIVISION 


cold rolled strip steel 
riority, may require the employment of strip 
steel specially designed for your particular 
use. J&L Restricted Specification Strip Steel 
is that kind of product. As an example look 
at this... 





results 
Improved yield. 
Improved die life. 
Reduced finishing opera- 
tions after drawing. 
Less quality control cost. 





The experience, facilities and accumulated 
know-how of a specialized organization de- 
voted exclusively to strip steel processing 
are available to work with you. In this clear- 
ing house of strip steel engineering and 
application information, it’s a good bet there 
is something of value for you. Your inquiry 
will get our immediate, interested attention. 


Jones & Laughlin 


STEEL CORPORATION 


STAINLESS and STRIP DIVISION 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 


PLANTS: 
YOUNGSTOWN @ INDIANAPOLIS @ LOS ANGELES @ KENILWORTH, N. J 


SALES OFFICES: 
New York @ Rochester @ Newington, Conn. @ Youngstown @ Detroit 
Cleveland @ Indianapolis @ Chicago @ Los Angeles @ San Francisco 


FORMERLY THE COLD METAL PRODUCTS COMPANY 
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in super-sensitive electronic equipment— 


UTILIZES 
PLASKON® ALKYD 
and UREA 


PLASKON Alkyd 446 

After extensive experimentation, engineers of Interna- 
tional Business Machines Corp. found that PLASKON 
Alkyd 446 was just right for precision-molded brush 
blocks, circuit breakers—and other critical components 
in IBM’s famous electronic machines. 

Foremost among IBM’s requirements were: very low 
moisture absorption and dependable heat resistance to 
assure exact dimensional stability under all climatic con- 
ditions. But there were other important requirements 
too—including high impact strength, good abrasion re- 
sistance, excellent electrical properties, the ability to be 
molded around inserts without cracking. PLASKON 
Alkyd 446—a glass-filled alkyd—met all these require- 
ments fully. 

Not only do parts of PLASKON Alkyd perform better, 
they also offer important molding advantages which 
lower the cost of the finished parts. Alkyds mold clean 
and precise ... making them ideal for fast, cost-cutting 
automatic production. 

If your electrical or electronic products demand any or 
all of the above-mentioned properties . . . it will pay you 
to mold with PLASKON Alkyds. There is a wide variety 
of these versatile materials to meet scores of specialized 
needs. 


PLASKON Urea—After many trials 
with all types of materials, IBM selected 
PLASKON Urea for molding the body of 
a relay armature that is used in quantity 
in IBM data-processing machines. The 
demands made upon these tiny parts are 
great. At times they must withstand tem- 
peratures up to 200°F.... they must resist 
extreme surface abrasion as there is con- 
stant friction with steel brushes. IBM tests 
proved that PLASKON Urea could meet 
these stiff requirements. 


If you have similar problems—or if your product calls for a 
material with good electrical properties, great strength, easy 
moldability and wide color selection (over 12,000 colors)— 
very likely PLASKON Urea is what you’re looking for. 


aledantierel PLASTICS AND COAL 
B CHEMICALS DIVISION 


J 40 Rector Street, New York 6, N. Y. 
in Canada: Allied Chemical Canada, Ltd., 1450 City Councillors Street, Montreal 
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WATERPROOF 





Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 . Wabash, Indiana 


Molon 


fractional horsepower 
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Aotors 


ethers 
MANUFACTURED 

fem cele): 4 
SPECIFICATIONS © ¥ 





We specialize in custom 
manufacturing all kinds 
of fhp motors. Whether 
you need skeleton types 
or gearmotors, standard 
or special, Molon can 
supply them fast and at 
low cost. Send for free 
descriptive circulars. 








0 My Yf Motor and Coil Corp. 


CHICAGO 18, ILLINOIS 
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charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10—-$6.00; 25-—$12.50: 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, N. Y. 

(724) 


Multiple Reprints 





Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
specia! quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists. by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dui 
ing the 5-year period 1951-1955. 

$1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 

e The Basic Slide Rule 
e Variations on Basic C-D Opera- 

tion 

Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Hyperbolic Functions 

Phasor Calculations 

The Circular Slide Rule 

Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELECTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 
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At the Brussel’s Fair IBM’s Ramac 
presents World History in 10 languages 
with the help of Skinner Solenoid Valves 


Visitors to the World’s Fair at Brussels are 
given the opportunity to submit history 
questions to IBM’s Ramac and get their 
answers in any one of ten languages. Mil- 
lions have been fascinated by this amazing 
electronic data processing machine. 

Ramiac is a vast library of facts. By means 
of 50 rotating metal disks 5,000,000 alpha- 
merical characters can be stored and se- 
lected at the touch of a button. The Ramac 
can punch 100 cards a minute, transfer data 
from punch cards to disks at a rate of 125 
cards per minute, and print reports at speeds 
up to 80 lines per minute. 

Three Skinner VS three-way valves are 
used in the access control mechanism. One 
valve engages the access arm at the exact 


location of the disk, while the second valve 
disengages the arm after the read-write se- 
quence has been completed. The third valve 
positions the read-write head at the precise 
location on the proper disk tract. 
Skinner has a wide 
selection of solenoid 
valves for all types of 
applications. If you have 
a control problem, why 
not take it to a Skinner 
engineer or represent- 
ative. You will find 
Skinner representatives 
listed in the Yellow Pages 
or write direct to De- 
partment 389. 


ELECTRIC VALVE 
DIVISIO NEW BRITAIN 


CONNECTICUT 


Vv | 
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Keep equipment at peak 
operating efficiency with 


this New, Low-Cost 
TIME TOTALIZER! 


KY oye &, 


nun US 
gang TOM . CON 


3 Se “a 4 


- HOURS! 


(6 


*Trademark Reg. U. S. Patent Office 


DIRECT READING COUNTER . . . accurately records oper- 
ating time in hours and tenths up to 9,999.9. 

SMALLER, LIGHTER . . . than any other commercial unit. 
Weighs 5 ounces. Overall length only 244”. 

RUGGED . . . withstands heavy shock and vibration. Oper- 
ates over a temperature range from —55°C to +71°C. 
Case is dust-tight and oil-tight. 

e LOW POWER REQUIREMENT .. . 2.5 watts at 120 vac. 


¢ COMPLETELY DEPENDABLE .. . utilizes the well known 
Haydon Timing Motor. 

@ AVAILABLE .. . for 60 cycle operation at 120 or 240 vac. 
The low cost of this new Series ED-71 Elapsed Time Indi- 
cator makes it possible to provide an economical, accurate 
record of operating time for machine tools, communications 
equipment and practically any other type of industrial or 
commercial installation. Insures accurate scheduling of main- 
tenance, tool changes and parts replacement. a to wed 
operating efficiency at a maximum .. . operating and mainte- 
a ro Fo at a minimum. Other Haydon Elapsed Time Indi- 
cators of similar size and weight are available for military 
applications. 


WRITE NOW FOR FURTHER INFORMATION 





DIVISION OF 





| GENERAL TIME CORPORATION 
Haydon 


2533 EAST ELM STREET 
AT TORRINGTON [| rzorRINGTON, CONNECTICUT 





HEADQUARTERS FOR TIMING 
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Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 


Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 
Quantity 
Title ‘ 25 
Slide Rule Mathematics 4 18 
Casting Resins 175 1.50 
Human Engineering 2.25 2.00 
Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 

Ave.. New York 20, N. Y. 





COMING SOON 

With publication in this issue of 
the article “Designing Sequential 
Circuits,” Evectrican MANUFAC- 
TURING rounds out its series on 
The Engineering Applications of 
Boolean Algebra. Combined re- 
prints of all five articles in this 
series, together with an unpub- 
lished appendix on tabular reduc- 
tion techniques and a. selected 
bibliography, will be available 
next month at $2.00 each. Send re- 
mittance with order to: ELectRicaL 
MANUFACTURING, 1250 Sixth Ave., 
New York 20, N. Y. Quantity rates 
on request. (New York City orders 
should include 3% sales tax.) 
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Y%, HP Heavy 
Duty Router 


= #63 Heavy Duty 


7 Portable Sow 


3 
bs 


Heavy Duty 
Automatic Polisher 


7” Standard Sander 


a 
BRUSHES 


help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
so vital to the long life, power and maintenance-free 

service of that unit, it pays to specify USG brushes 

of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carBon-craPHite © GRAMIX® powoERED METAL PARTS @MEXICAN® crapnite pRooucts © USG® srusnes 
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IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


® Specialized high production 
techniques afford lowest possible 
unit cost. 


®@ Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 

‘ line of small stampings for Radio- 
TV, electrical/electronic and aut=- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


Request handy ref- 

erence catalog con- 
taining specifications 
on standard and cus- 
tom-made lugs, termi- 
nals, corona rings, 
pins, contacts and 
similar stampings. 


1 Malec wan and MANUFACTURING CO. 


4021 W. Lake St., Chicago 24, Ill. 
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Association Activities 





Industrial Electronics Conference 
Scheduled in Detroit 


Applications of electronics to machine 
tools, industrial processes and to test- 
ing will be the subject of the 7th An- 
nual Conference on Industrial Elec- 
tronics to be held at the Rackham 
Memorial Building. Detroit, September 
24-25. The conference is being held un- 
der the auspices of the AITEE and the 
iRE. A fourth session will be devoted 
to components and devices for indus- 
trial electronics. 

At the Wednesday morning session. 
design engineers from the Industrial 
Systems & Controls Div. of Hughes 
Aircraft Corp., Bendix Aviation Corp.. 
Giddings & Lewis Machine Tool Co.. 
and Airborne Instruments Laboratory. 
Inc. will describe computer and servo 
control systems for machine tools. 
Automatic Packaging of Gelatin Cap 
sules, Semi-Automatic Stud-Welding 
Equipment. Automatic Mail Cancelling 
and Facing and A Two-Dimensional 
Tracer Control System will be subjects 
of the Industrial Processes Session that 
afternoon. 

Papers dealing with electronic test- 
ing devices will include Automatic 
Hardness Tester. Pulse-Time Position- 
ing in a High Speed Tester, Multi- 
Channel Sweep Sonic Tester and Mod- 
ular Automatic Test Equipment, sched- 
uled for Thursday morning. In _ the 
afternoon, Crossbar Switches, Instru- 
ment Servos, Nuclear Reactor Control 
Systems and the Philosophical Aspects 
of Instrument Performance will be 
discussed. 

At luncheon meetings both manage- 
ment and labor views on_ industrial 
automation will be given, the former 
by Dr. Irven Travis, vice president, 
Burroughs Corp., the latter by Walter 
P. Reuther, president of the UAW. 


Reliable Electrical Connections 
Conference Plans Maturing 

Under the leadership of R. George 
Roesch, president of The Eraser Com- 
pany, Inc. of Syracuse, N. Y., plans 
for the 3rd Conference on Reliable 
Electrical Connections are proceeding. 
The conference is under the auspices 
of the Electronic Industries Associa- 
tion and is scheduled for December 
2-4 at Dallas, Texas. 

This conference will be conducted 
on the somewhat different basis of 
stimulating questions and answers 
from the floor. The usual authors and 


papers will be there, but the papers 
will be pre-printed and offered for 
sale by October 15. Those attending 
the conference are expected to read 
the papers beforehand and come pre- 
pared to ask questions of the authors 
and of other men in the audience who 
are specialists in the field. The oppor- 
tunity is being offered to pursue a sub- 
ject to the bitter end in order to get 
the facts helpful to the engineer re- 
sponsible for reliability in electrical 
connections. 

There will be no exhibits nor any 
planned luncheons or dinners. 

Co-chairman of the conference is L. 
Thomas Kelly. reliability coordinator, 
\ircraft Nuclear Propulsion Dept., 
General Electric Co., Cincinnati. Con- 
ference chairman is R. S. Read of Con- 
vair, Ft. Worth. Others on the National 
Committee include: Marcus A. Ache 
son, consulting engineer, Sylvania Elec- 
tric Products, Inc.. New York; Lewis 
M. Clement, technical advisor to gen 
eral manager, Crosley Division of 
AVCO Manufacturing Corp., Washing- 
ton; and Richard H. DeWitt, chief, 
Engineering Practices Division, Ofhce 
of Assistant Secretary of Defense, 

Geographic division chairmen are: 
|. R. Whitney. Western Electric Co., 
inc., New York (Eastern); L. E. Mac- 
Fadden. Aircraft Nuclear Propulsion 
Dept... General Electrie Co., Cincinnati 
(Central); E. A. Holmes, III, Auto- 
netics, Div. North American Aviation, 
Inc., Downey. Calif. (Western). 


AIEE Machine Tool Conference 
To Be Held in Hartford in October 


The 10th National Machine Tool Con- 
ference sponsored by the American 
Institute of Electrical Engineers will 
be held at the Statler Hilton Hotel in 
Hartford, Conn. October 13-15, 1958. 
This year’s program presents a_bal- 
anced coverage of the industry’s 
progress in the fields of machine con- 
trol, gaging, computers, safety, pre- 
cision positioning and machine design. 

The program presents a_ halanced 
coverage of the industry’s progress. 
Presentations will be made by produc- 
tion engineers discussing operating ex- 
perience with modern machine tool 
equipment. In addition, papers on tran- 
sistors versus tubes and computer 
fundamentals have been included. 
Another innovation appears in a series 
of 5-minute talks on some of the less 
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eee PLASTICS NEWSFRONT 


Midget Adding Machine 
New Step in 
Miniaturization 


This telephone-size, 7!-pound adding machine, the 
Add-Mate, is Underwood Corporation’s newest bid 
to reduce size and weight of business machines. 
Easily portable, it can be slipped into a desk drawer 
or under a counter when not needed. Contributing 
to its compactness and lightness is the attractive, 
two-toned housing of CYMAC SUPER* 201 methyl- 
styrene-acrylonitrile copolymer plastic. 





MAKOLLA 


THE COLORFUL TWO-PIECE HOUSING 

is molded of CYMAC SUPER. Shown above, respectively, It is unaffected by the diester permanent lubricant applied 
are the complete unit, the unit minus the top section, and to the mechanical assembly prior to encasement in the 
the inner sides of the top and bottom sections. CYMAC housing. The transparent, serrated tear-plate, also CYMAC 
SUPER was selected because of its toughness, surface SUPER, and the housing are injection-molded for Under- 
hardness, and resistance to heat, staining and denting. wood by Nosco Plastics, Inc., Erie, Pa. *Trademark 








PLASTICS AND RESINS DIVISION 
33-D Rockefeller Plaza, New York 20, N. Y. 


AMERICAN CYANAMID COMPANY — SrANAMID OSS 


In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
Offices in: 
Boston * Charlotte * Chicago « Cincinnati * Cleveland + Dallas + Detroit « Los Angeles * Minneapolis * New York « Oakland « Philadelphia « St.Louis » Seattle 
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Solve Your 


HOT PROBLEMS 


with 


VULCAN 
VERSATILITY 


IN CARTRIDGE HEATERS 


Vulcan Electric Cartridge Heat- 
ers ore especially designed for 
insertion into machine parts, dies, 
platens, molds, presses, die blocks 
of embossing machines, packaging 
machines, etc. 

You have a wide choice of 
standard sizes — from 1” to 25” 
(or longer); diameter — %” to 
1'%” (or greater); wattage — 10 
to 3200 (or higher); voltage — 
standard 120 or 240, special 6 
volts up; sheath — brass, steel, 
nickel or high temperature alloys; 
standard or special lead wires or 
terminals. 

When your hot problems call 
for unusual specifications, you get 
a speedy solution through Vulcan 
Versatility — in design, engineer- 
ing and production. Standard or 
special, Vulcan is ready to supply 
your complete needs in low cost, 
efficient heating units. Send coupon 
for Catalog and prices. 


( VULCA 


Cartridge « Strip « Tubular « Immersion Electric 
Heaters . Soldering and Branding Irons 
Solder and Glue Pots 








VULCAN ELECTRIC COMPANY 
Donvers 2, Mass. 


Please send me cotalog and price information 
on Vulcan Electric Heaters. | am especially 
interested in (check) 


D Cortridge 0 Tubulor 
D Strip 0 Immersion 
0 Other 
NAME & TITLE 
COMPANY 
STREET & NO. 


CITY & STATE 
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Calendar of Meetings 
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NOVEMBER 
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Sept. 3-5—-Cryogenic Engineering 
Conference, Massachusetts Institute 
of Technology, Cambridge, Mass. 


Sept. 3-5—First 


ference on 


National Con- 
Application of Elec- 
trical Insulation, co-sponsored by 
AIEE and NEMA, Pick-Carter and 
Statler-Hilton Hotels, Cleveland 
Ohio. 


Sept. 15-19—13th Annual Instru- 
ment-Automation Conference and 
Exhibit, sponsored by Instrument 
Society of America, Philadelphia 
Convention Hall, Philadelphia, Pa. 


Sept. 22-24—National Symposium 
on Telemetering, Americana Hotel, 
Miami Beach, Fla. 


Sept. 22-24 Seventh Annual 
Meeting, Standards Engineers So- 
ciety, Benjamin’ Franklin Hotel, 
Philadelphia, Pa. 


Sept. 24-25-—Industrial Electron 
ics Conference, Rackham Memorial 
Bldg., Detroit, Mich. 


Sept. 28-Oct. 2—The 114th Meet- 
ing of The Electrochemical Society, 
Chateau Laurier, Ottawa, Canada. 


Oct. 1-2—Fourth Conference on 
Radio Interference Reduction, Arm- 
our Research Institute, Chicago, 
Illinois. 


Oct. 1-2—Second National Sym- 
posium on Engineering Writing and 
Speech, Hotel Biltmore, New York 
City. Sponsored by IRE Profession- 
al Group on Engineering Writing 
and Speech. 


Oct. 6-8—( ‘onference on Electrical 
Insulation, National 
Council— National Academy of 
Sciences, Pittsburgh, Pa. 


Research 


complex. yet interesting new electrical 
components for machine tools. 

Other subjects to be included are: 
“The Controlled Rectifier and Its 
Applications,” “Tooling For Guided 
Missiles and Rockets.” “Operating 
Experience With Relays and Limit 
“Photoelectric Line  Fol- 
lower” and “Designing Machines For 
Servo Drives.” 


Switches.” 


Last year this conference, held in 


| Milwaukee, drew over 800 registrants. 


This year. attendance of over 1.000 is 
ex pec ted. 


Oct. 13-15 
National 
Hotel Sherman, Chicago, II. 


Oct. 30-31—International Sympos- 
ium on Plastics, Benjamin Franklin 
Hotel, Philadelphia, Pa. 


Oct. 30-31, Nov. 1—1958 Elec- 
tron Devices Meeting, Shoreham 
Hotel, Washington, D. C. 


Fourteenth Annual 


Electronics Conference, 


Nov. 10-14 Annual Meeting 
National Electrical Manufacturers 
Association, Traymore Hotel, At- 
lantic City, N. J. 


Nov. 17-18—Sixth Annual Con- 
vention of the Society of Technical 
Writers and Editors, Inc., Shore- 
ham Hotel, Washington, D. C. 


Nov. 17-20— Conference on Mag- 
netism and Materials, 
sponsored by the AIEE, in coopera 
tion with the American Physical 
Society, IRE, the Metallurgical 
Society of AIME, and the Office 
of Naval Research, Sheraton Hotel, 
Philadelphia, Pa. 


Magnetic 


Nov. 17-21 Eighth National 
Plastics Exposition, sponsored by 
the Society of the Plastics Indus- 
try, International Amphitheatre, 
Chicago, Ill. 


Nov. 18-20—Ninth National Con 
ference on Standards, sponsored by 
the American Standards Associa- 
tion, Hotel Roosevelt, New York. 


Dec. 1-5—23rd National Exposi- 
tion of Mechanical 
Engineering, New York Coliseum, 
New York City. Under auspices of 
ASME, 


Power and 


Dec. 3-5—FEastern Joint Computer 
Conference, Bellevue Stratford 


Hotel, Philadelphia, Pa. 


Registration fee for AIEE members 
is $3, for nonmembers, $5. Advance 
registration may be made with William 
P. Carpenter, chairman of Registration 
Committee, c/o Superior Electric Co., 
83 Laurel Street, Bristol, Conn. 


New Professional Group 

The Human Factors Society of Amer- 
ica, Inc., a new national professional 
group composed of individuals con- 
cerned with “man-machine problems,” 
has elected Dr. Renato Contini, engi- 
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Power-Up with new 
Westinghouse £@-Lize/H/ 
d-c motors 


Greater protection ... maximum 
reliability. ..longer, trouble-free life 


HERE’S WHY: The rugged new Westinghouse Life-Line’ ‘‘H” d-c motor 
gives you the most complete and advanced protection available in dripproof 
industrial d-c machines. Elimination of uncovered side openings . . . use of heavy, 
cast end brackets . . . effective seals throughout . . . all combine to provide out- 
standing resistance to liquids, vapors and dirt. For these reasons you can count 
on the Life-Line “‘H”’ to give you greater reliability with a minimum amount 
of maintenance under all operating conditions. 


Plus... these other important advantages 


you CAN BE SURE...1F ITS Westinghouse 


These exclusive features of the new 


Westinghouse 


Li Ui d-c motor guarantee 


top performance... longer, trouble-free life 


TEN TIMES LONGER INSULATION LIFE 

New silicone insulation in Westinghouse Life-Line* ‘‘H’’ d-c 
motors and generators stands up under temperatures which 
turn ordinary insulation to a cinder. High-temperature sili- 
cone insulation is used with the full complement of iron and 
copper required for low Class B temperature. Result: Life- 
Line “H”’ shrugs off emergency overloads and abnormal 
ambients to keep production rolling, maintenance down. 


vr 






FASTEST RESPONSE .. 
mutating ability . . 
inertia . . 


35 per cent increase in com- 
. up to 55 per cent lower mechanical 
. and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘“‘H”’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 
better product quality, minimum complexity of control. 


For information about the ways you can profitably 


put the new Life-Line “H’’ motor to work, contact 


your nearby Westinghouse representative. Or, write 


CLEANER, COOLER OPERATION results from 
new controlled ventilation system of Life-Line ‘“‘H.’’ Ordi- 
nary d-c motors draw air in at commutator end, contaminate 
windings by drawing carbon dust from commutator brush 
wear into the machine. Life-Line ‘“‘H’’ reverses this flow. 
Air and carbon dust are expelled at commutator end .. . 
assuring cleaner, cooler windings . . . longer motor life. . . 
less maintenance. 









| 


SIMPLIFIED MAINTENANCE . With the new 
Life-Line ‘“‘H,”’ maintenance is not only substantially reduced 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . . . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 


brush life . . . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 
3 Gateway Center, Pittsburgh 30, Pa. 
you CAN BE SURE...1F iTS Westinghouse 


J1-22121 





neer and senior research scientist at 
N. Y. Univ. College of Engineering, to 
take office as president in September 
1958. Dr. Arnold Small, staff specialist 
and chief of Reliability, Human Fac- 
tors Engineering and Acoustics at Con- 
vair (San Diego) Div. of General Dy- 
namics Corp., was chosen president- 
elect and will become president in 
September 1959. 

Other new officers are: Dr. John Ly- 
man, Assoc. Prof. of Engineering and 
Psychology at UCLA, vice president; 
Dr. Paul Cheatham, Asst. Branch Head 
of the Engineering Psychology Branch, 
ONR, Washington, D.C., secretary; 
and Dr. Donald W. Conover, Sr. Re- 
search Engineer, Human Factors En- 
gineering Group, Convair, treasurer. 

Chosen as Editor-in-Chief of the Soci- 
ety’s Journal, expected to begin publi- 
cation this summer, was Stanley Lip- 
pert, Coordinator, Human _ Factors 
Group, Douglas Aircraft Co., Inc., 
Santa Monica, Calif. 

The Society’s purpose is to increase 
and diffuse knowledge of man in rela- 
tion to machines and promote applica- 
tion of such knowledge in design, 
manufacture and use of systems and 
devices. It is an interdisciplinary or- 
ganization providing for interchange 
of ideas and information in the fields 
of engineering, psychology, physiology, 
anthropology, medicine and_bio-tech- 
nology. Members are drawn from gov- 
ernment, universities and _ industry. 
Membership inquiries may be directed 
to the Society at P.O. Box 24032, Los 
Angeles 24, Calif. 


Announce Topics for 1959 
Electronic Components Conference 


The 1959 Electronic Components Con- 
ference, to be held May 6-8, 1959 in 
Philadelphia, will have as its theme 
“New Concepts for the Space Age.” 

Conference topics have been  se- 
lected as follows: Components and 
Their Application in Space Vehicles; 
Micro-Miniaturization and the New 
Component—the Micro-Module; De- 
velopments in Materials and Their 
Application to Components; Profes- 
sional and Tutorial Papers on the 
Mechanism of Failure (Operation) of 
Components; New Techniques for 
Electronic Filtering, Tuning and 
Switching; Transistors, Diodes and 
Rectifiers. 

Electron Tube Devices; Instrumen- 
tation and Control Devices; Survey of 
Improvements in Components; New 
Developments in Passive Components; 
Components for Military, Industrial 
and Home Appliance Applications of 
the Future; Radiation Effects. 

Brig. Gen. Edwin R. Petzing, Tech- 
nical Program Chairman, will wel- 
come abstracts from authors up to 
October 15 at the AGEP Secretariat, 
University of Pennsylvania, Philadel- 
phia. 
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Step Sequencing 


the new 
Eagle 
Step 
Switch 





use any type of 
time or sensing 


device to advance 


LIMIT 
SWITCH 


> 


PRESSURE 


X CHANGE 


operate a multiplicity LEVEL 


of load circuits in any 


CONTROL 


combination up to 19 
circuits 


This new Eagle Step Switch also provides: 


when used with multiple indexing 
circuits. 


] SEQUENCING INTERLOCK 


control load switches direct — 
no need for load relays. 


? 10 AMP SWITCH CONTACTS 


TERLOCK by cam action — elim 
inates interlocking relays. 


3 MECHANICAL CIRCUIT IN- 


on AC with heavy duty ratchet 
mechanism — insures long life. 


4 115 VOLT COIL operates direct 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
industrial Timers Division, Dept. EM-958 
MOLINE, ILLINOIS 


Please send Bulletin 780 a complete 
data on your new Eagle Step Switch. 





NAME AND TITLE 





COMPANY 





ADDRESS 





city 
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ES 7 APPLIANCE WIRE 
"@ | = AND CABLE 


Approved by CSA— Bears UL Label 


HERES HOW ESSEX CAN 
GIVE YOU A HELPING HAND 
AND PROBABLY SAVE YOU 

SOME MONEY, TOO! 


4. COMPLETE L/NE 


THE FULL ESSEX LINE OF APPLIANCE W/RING 
MATERIAL... THERMOPLASTIC ,RUBBER, NEO- 
PRENE ANO SILICONE LEAD WIRE, PLUS INTER- 

NAL REFRIGERAT/ON AND AIR CONDITIONING 

WIRES, POWER SUPPLY CORDS ANO HEATER 
WIRE,..QUICKLY AND ECONOMICALLY MEETS 
MOST WIRING REQUIREMENTS, 


Z. APPLICATION ASSISTANCE 


OUT-OF-THE - OROINARY W/RE OR CABLE 
SPECIFICATIONS NEEO NOT TROUBLE YOU. 
COWSULT YOUR LOCAL ESSEX APPLICATION 
ENGINEER FORTHE SOLUTION-OR FOR 
HELP /N CHOOSING THE ONE BEST TYPE 
AND SIZE FOR ANY APPL/CATION. 





OTHER ESSEX ENGINEERED WIRE AND CABLE 


SUBMERSIBLE CABLE—Woterproof MOTOPRENE® AUTOMOTIVE MOTOR LEAD WIRE—Rubber, 
motor lead wires and drop cables CABLE—Thermoplastic..brake Neoprene or Thermoplastic in- 
with watertight molded connections. cable ..rubber covered cord. sulation. 


« 
Z 
F 
i 














Consult your local Essex Application Engineer or write for complete information 


ESSEX WIRE CORPORATION 
Wire and Cable Division 


® 








PRODUCTS 
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Men in Industry 





Dr. Saul Resen has been named to 
the newly-created position of manager, 
programming research and_ develop- 
ment, for Philco Corps’. “Transac” 
computers. He is the author of several 
magazine articles on mathematics and 
digital computer applications and man- 
aging editor of the Communications of 
the Assn. for Computing Machinery. 


Fred £E. Dole, 89 Gilbert Road, 
Rocky Hill, Conn., has established a 
consultation service for the design and 
manufacture of contacts for slip ring 
applications, printed switches, com- 
mutation and the selection of precious 
metals for use in the precision elec- 
tronic instrument field. Mr. Dole was 
responsible for the development of con- 
tacts for various electronic applications 
while at the MIT Radiation Laboratory 
and while with the Industrial Division 


of The J. M. Ney Co. 


Edward D. Thomas, Karl Kempf, Ed- 
ward C. Hewitt and Horace K. Corbin 
have been elected to the board of 
directors of The Thomas & Betts Co., 
Elizabeth, N. J., manufacturers of elec- 
trical fittings and connectors. Mr. 
Thomas heads T&B’s engineering re- 
search department. Mr. Kempf is vice 
president of the Sta-Kon division. Mr. 
Hewitt is vice president in charge of 
sales and Mr. Corbin is chairman of 
the board of the Fidelity Union Trust 
Co., Newark, N. J. 


With increased emphasis on research 
in space physics, the air moderniza- 
tion program and various military pro- 
grams, the Radio Division of Bendix 
Aviation Corp., Baltimore, has formed 
a new research department headed by 
Milton A. Chaffee. He was formerly 
director of electronics and systems re- 
search for the Fairchild Camera & In- 
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strument Co. From 1952 to 1955 he was 
deputy director of the Electronic Re- 
search Department of the Air Force 
Research Center, Cam- 
bridge, Mass. He was responsible for 
the development of projects in data 
transmission, radar, aircraft detection, 
and air defense. 


Cambridge 


Miller Research Laboratories, Balti- 
more, Md., has formed its Electronics 
Dept. with Dr. Carroll Barrack appoint- 
ed manager. He has had extensive elec- 
tronic experience in both research and 
development. 

His development experience has been 
in areas of microwave systems, test 
equipment, instrumentation and person- 
nel training devices. His work has in- 
cluded electronic circuitry and devel- 
opment of digital data handling devices 
and data reduction equipment for 
telemetry ground stations. 


Richard H. Chamberlain has been 
named manager of the newly-created 
Product Design Dept. at Eitel-McCul- 
lough, Inc., San Bruno, Calif. He joined 
Eimac in 1943 as a machine designer, 
and was later named head of the de- 
sign engineering department, adminis- 
trative assistant to the manager of 
manufacturing, and manager of the 
receiving tube production department. 


Joseph T. Cataldo has been named 
vice president in charge of sales of 
International Rectifier Corp., El Se- 
gundo, Calif. He had been sales man- 
ager and assistant general manager. 
Previously he was project advisor re- 
sponsible for R & D activities on metal- 
lic rectifiers at the Signal Corps 
Engineering Laboratories, Fort Mon- 
mouth, N. J. At one time he served as 
assistant section chief of the Instru- 
ment Section at the Material Labora- 
tory of the New York Naval Shipyard. 


They can bo your design assistants 
on other Essex Engineered Products. 








W/RE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. 





CO/LEO CORDS-CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN. 


Write for Coil Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 











A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme environ- 
mental conditions. 


Write for Bulletin MS-3 RBM) 
R-B-M Control Div., Logansport, Ind. "3 





SX IB of-t-$ op 


WIRE CORPORATION 
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Appointment of Dr. Walter Welko- 
witz as director of engineering for the 
Vibro-Ceramics Division, Gulton In- 
dustries, Inc., is announced. His duties 
will include the direction of all en- 
gineering and research activities in the 
fields of industrial ultrasonics and medi- 
cal-electronic instrumentation. Prior to 
joining Gulton Industries, Dr. Welko- 
witz lectured on acoustics in the Grad- 
uate School of Engineering, Columbia 
University, and conducted research in 
the University’s Acoustics Laboratory. 


Appointment of Robert N. Lesnick 
as chief engineer of the Belton Hear- 
ing Aid Co., Chicago, has been an- 

MODEL B nounced. He previously was manager 
1/80 H.P. to 1/35 H.P. of commercial engineering for Stewart- 
4-pole, 4-coil shaded pole Warner Electronics, Chicago. He also 
AC induction type has been associated with Radio Corpo- 
ration of America, Camden, N. J. 


... for a standard line of motors 


Gibson S. Gay has been appointed 


adaptable to hundreds chief engineer of a newly formed De- 


: : sign and Development Department for 
of applications government products and systems of 
Hoover Electronics Co., Baltimore. 


Howard K. Schoenwetter has been ap- 
YOU CAN ALWAYS pointed chief engineer for the Applied 


Research Department which has been 
formed to further the development and 
On study of new techniques. 

Fractional H. P. Motors Cyril E. McClellan has been elected 
vice president of engineering at Cali- 

fornia Technical Industries, Div. of 

General Industries’ standard line of motors Textron Inc., Belmont, Calif. Formerly 
is adaptable, with slight variations, to manager of advanced development en- 
literally thousands of applications. This gineering for the Air Arm Div. of West- 
inghouse, Mr. McClellan takes charge 
of directing the development of military 
and commercial electronic systems and 
consuming engineering. the supervision of design of automatic 


If you are currently using fractional horse- test equipment. 


we 


MODEL A 
1/500 H.P. to 
1/45 H.P. 2-pole 
shaded pole 
AC induction type 


MODEL H 
1/550 H.P. to 
1/50 H.P. 2-pole 
shaded pole 
AC induction type 


& 


MODEL D 
1/90 H.P. to 
1/45 H.P. 4-pole, 
4-coil shaded pole 
AC induction type 


means that your motor requirements can 
most likely be met without additional time- 


power motors, or are planning a product ‘ : 
ge ee h it Bernard Friedman has been appointed 
aS Ce SS eer OS, Pee oF wie general manager and technical director 


General Industries. We’ll gladly make of International Radiant Corp., West- 
recommendations — without obligation. burg, N. Y. Mr. Friedman, who was 
formerly technical director of Tenney 
Engineering in Union, N. J., is national 
vice president of the Institute of En- 


THE ¢ E N FE R A L | N D U ST R | FE S CO. vironmental Engineers and serves on 


the Board of Directors of the Technical 
perpT. GL e ELYRIA, OHIO Director Handbook Committee. 


Write today for catalog sheet and quantity-price quotations. 
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SYLVANIA-NPN SWITCHING TRANSISTORS 


.-- Still holding the line at 2000 hours 


Hight new high stability NPN switching transistors 
designed for wide application in low and medium power 
switching circuits, are now available from Sylvania. 
They increase to 15, the total number of NPN switching 
types in the Sylvania line. Most of the units now have 
passed 2,000-hour evaluations and are continuing to 
maintain the high Beta stability and fast rise time so 
important in switching applications. 


The fifteen NPN germanium transistors include both me 
base-on-the-can types with 150 mw and 200 mw dissipa- ot 25° Ambient Temp. (°C) 
tion and base-off-the-can types with 100 mw dissipation. saaael “ 
100 Mw 85 
Each of the types features the Sylvania welded 100 mel 


hermetic seal for full protection against humidity and 4 200 Me 
other environmental conditions and meets JETEC TO-5 150 Mw 
and TO-8 dimensions. For further particulars on the Wades 
entire line, contact your Sylvania representative or 10 Be 
write Sylvania direct. 100 fw 
150 Mw 
wae 
150 Mw 1.0 


*Base internally connected to the case 


Sy.LvaniA E.Lectric Propucts Inc. 
yy 1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd., 
P.O. Box 1190, Station “‘O,’’ Montreal 9 


LIGHTING + TELEVISION + RADIO + ELECTRONICS * PHOTOGRAPHY +* ATOMIC ENERGY + CHEMISTRY- METALLURGY 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


4.0 


1s° 30° 45° 60° 
DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


@ NO AXIAL MOVEMENT OF OUTPUT SHAFT 
@ THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


@ EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


@ AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


@ 15° to 60° ROTARY STROKES AVAILABLE 
@ PRECISION MACHINED THROUGHOUT 


@ DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 
P. O. Box 1124 


Culver City, California 
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The newly consolidated ITT Labora- 
tories combine the research facilities of 
Farnsworth Electronics Co., Ft. Wayne, 
Ind., and Kellogg Switchboard and Supply 
Co., Chicago, both ITT divisions, with 
Federal Telecommunication Laboratories, 
Nutley, N. J., the former U. S. re- 
search division of ITT. The electronic 
and communication research division 
will employ more than 3,100 scientists, 
technicians and supporting personnel, 
and will have a total floor space of 
more than 570,000 sq ft. Major labo- 
ratory facilities will be located at 
Nutley and Belleville. N. J.; San Fer- 
nando and Palo Alto. Calif.; Ft. Wayne, 
Ind., and Chicago, Il. 


The Thomas & Betts Co., Elizabeth, 
N. J., has acquired the Kent Mfg. Corp. 
of Newton, Mass., engineers and manu- 
facturers of a line of electrical ter- 
minals in continuous strip form and 
related attaching machines for the 
automotive, electrical and appliance 
industries. 


Collins Radio Co., Cedar Rapids, lowa, 
has established a separate Airborne In- 
strument Manufacturing Dept. to facili- 
tate the production of automatic pilot 
systems, integrated flight systems, mag- 
netic compass systems, aircraft instru- 
ments and _ other 
mechanical devices. 


precision  electro- 


A major expansion in its scope of 
operations has been undertaken by 
Bradley Laboratories, Inc., New Haven. 
Conn., with the formation of a Semi- 
conductor Div. For the immediate fu- 
ture, the division will concentrate on 
the application of silicon for rectifiers, 
diodes, modulators and 
ponents. 


related com- 


Fulton Sylphon Div. of Robertshaw- 
Fulton Controls Co. has opened a prod- 
uct development laboratory in Knox- 
ville, Tenn. Research and development 
activity will be devoted to creation of 
new products for present and future 
markets. The laboratory is under super- 
vision of J. P. Wagner, chief project 
engineer. 


Controls Company of America, Schil- 
ler Park, Ill, has acquired the Red- 
mond Co., Owosso, Mich., and Red- 
mond Motors, Ltd., St. Thomas, Ontario. 
The five Redmond plants in the U.S. 
have been leased by Controls for 10 
years and the single Redmond plant in 
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NYLCLAD* 
Magnet Wire 


105C (Class A), Vinyl Acetal-Nylon 








Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. The toughest film coating of all. 


. Best solvent resistance. 


. High ‘‘cut-through'’ values reduce shorted turns. 


2 
3. Uniformly soft copper for windability and handling. 
4 
5 


. Excellent electrical properties for best performance. 


Other Magnet Wires—For Every Requirement 


130C (Class B), Polyester—BELDTHERM 





105C (Class A), solderable Pol yurethane—BELDSOL* 





105C (Class A), solderable Cellulose acetate —CELENAMEL* 
105C (Class A), oleoresinous, P. E.—BELDENAMEL* 
180C-130C-105C (Classes H, B, and A)—SQUARES & RECTANGULARS 


* Belden Trademark 
Reg. U. S. Pat. Off. 


#4 
Pe 
ee ' POUR RC ORS SRR oe Sara ’ 5 : 
Se eee ee gs : a a ‘ 
» 4 eh 


One Wire Source for f 
Everything Electrical and Electronic — | 
‘itm l to | oe 


WIREMAKER FOR INDUSTRY = Zz. 


SINCE 1902 
CHICAGO 
Magnet Wire ¢ Lead Wire © Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 


Welding Cable * Automotive Wire and Cable 
01A03I18 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings 


NEW “MICROWAFER”’ BEARINGS 


FEATURE NARROWER WIDTHS 


There’s a new, lean look in minia- 
ture ball bearings these days. It was 
brought about by the demands of de- 
signers of small synchros, servos, 
motors, potentiometers and gear 
trains. They said that standard 
shielded miniature bearings were much 
too “fat”. They asked for “skinny” 
bearings that would allow them to in- 
crease the width, strength or capacity 
of working components. 

Back in 1955, New Hampshire Ball 
Bearings, Inc., introduced its UP line 
(U for thin, P for single shield). These 
bearings satisfied a good many de- 
signers. These special shielded bear- 
ings have the same width as standard 
unshielded bearings of the same O.D. 
and bore. But some designers still in- 
sisted on thinner bearings. 

In 1958, they got what they asked 
for. A new series of thin bearings, 


©! OF 


SR144UPC3 


Oi Of 
ere 


SR144PPC3 


SIO 


SR2-5UPC11 


} 
| 
u 


SR1447C4 


FIG. 1- ACTUAL SIZE OF 
MICROWAFERS SR166PC7 


The space-saving feature of these new ‘‘Microwafer”’ 
bearings has been welcomed particularly by de- 
signers of small servos, synchros and motors. It 
permits miniaturization to be carried a step farther 
when smaller packages are required. In other cases 
the narrower bearing widths allow the addition o 
more iron or copper to rotors and stators without 
changing package size. This means that greater 
capacity and improved performance can be built into 
existing designs. 


SR166C8 


SR156UPC8 


SR2-SUPCS 





called ““Microwafers” was introduced. 
These light bearings offer the advan- 
tages of widths as much as 40% 
narrower than standard unshielded 
bearings of the same O.D. and bore, 
as illustrated in Fig. 2. 


TWELVE NEW NUMBERS 
“Microwafer” bearings are now 
available in twelve numbers: seven 
with single shields, one with two 
shields and four unshielded, as chart- 
ed below. 
WIDTH 
0625 
0625 


BORE 0.0. 
0937..~—~—~=~«OSH00—™”™ 
0937.-—~=«~“‘<i«‘C‘«U TSS 
0937. .2Ss—«‘«C“CS SCS 
SR144ZC4*_ 1250 3750 
SR144UPC3 1250 ~~ .3750 ~ 0937 
SR144PPC3** 1250 «3750 ~—S——=«d2094 
SR2-5UPC11 1250 ~ 1094 


SR2-5UI : 4250 ——_—«1094 
SR2-5UPC5 1250 4375 __.1094 
1094 


NUMBER 
SR133UPC2 
SR133UPC3 
SR133UPC1 


SR166C8 1250 ~ 5000 

SR156UPC8 1875 ~ 4375. ~—~—=C«W 094 

SR166C6__ 1875 ~—=—«.5000.~SS~—=C«094 

SR166PC7 1875 5000 -1250 
*Unshielded, spring separators 

**Two shields 


SPECIFICATIONS 
Starting Torque: Standard starting 
torque is 1400 mg mm under 75 gm 
thrust, 90% guaranteed at 1100 mg 
mm if specified. Lower levels by 
selection. 
Material: 440 C stainless steel. 
Tolerances: ABEC7 or better. 
Radial Play and Lubrication: as spe- 
cified by customer. 
Complete specifications ' 
are contained in one [—}562—4 
design handbook. }-.093744 | 


COMPARISON OF 
MICROWAFER 
SR144UPC3 
WITH 
STANDARD 
MICROBEARING 
SR2 














ied 4 
SR144UPC3- 
SR2 

DESIGNERS HANDBOOK FREE TO ENGINEERS 

If you work with miniature ball 


FIG. 2 


bearings, you'll find this 80-page 
authoritative hand- 
book a_ great help 
in solving problems in 
designing instruments 
or electro-mechanical 
assemblies. It will be 
sent free to qualified 
engineers, draftsmen 
and purchasing 
agents. Write: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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Canada for one year. Redmond Com- 
panies make electric motors and small 
special types of electrical rotating 
equipment. 


The Glastic Corp., Cleveland, Ohio. 
recently authorized the nationwide dis 
tribution of their fiberglass reinforced 
polyester molded motor slot wedges to 
Insulation and Wires Inc., P. O. Box 
3349, St. Paul, Minn. 


Ling Electronics, Inc., of Culver City, 
Calif., has added another subsidiary to 
its list with the acquisition of United 
Electronics Co., Newark, N. J. United 
Electronics high - energy, 
special-purpose thermionic tubes and 
fixed and variable ceramic vacuum 
capacitors. 


designs 


Cohu Electronics, Inc., recently pur- 
Massa Laboratories of Boston. 
The Boston firm will be operated as 
the Massa Div. of Cohu Electronics and 
will give Cohu a predominant place in 
the production of underwater sound 
equipment, sonar devices and_ ultra- 
sonic products for the Navy and in- 
dustry. 


chased 


Telecomputing Corp., No. Hollywood, 
Calif., recently acquired certain assets 
of Autron Engineering, Inc., Los An- 
Autron designs and manu- 
factures a line of precise electronic 
mechanical, 
counters which form an integral por- 
tion of data instrumentation systems. 


geles. 


as well as high-speed 


Illinois Tool Works, Chicago. III. 
recently acquired the assets of Pacific 
Solenoids, Inc., El Segundo, Calif. The 
new owners will continue to operate 
Pacific present 
tion. Pacific Solenoids Inc., established 
in September 1955, manufactures and 
supplies solenoids, invented and de- 
veloped by J. E. Straub and marketed 
under the trade PacSol. Mr. 
Straub will continue his 
with the company 


Solenoids in its loca- 


name 
association 
in the capacity of 
chief engineer. 


Genesys Corp. has been formed as a 
wholly-owned subsidiary of Chance 
Vought Aircraft, Inc., Dallas, Tex. 
Located at 10131 National Blvd., Los 
Angeles, Calif., Genesys Corp. will 
specialize in the design, development 
and manufacture of advanced control 
computer systems, components and 
allied products. 


Airborne Instruments Laboratory, Inc., 
Mineola, N. Y., was recently acquired 
by Cutler-Hammer, Inc., Milwaukee, 
Wisc. AIL will operate as the Elec- 
tronics Div. of Cutler-Hammer, retain- 
ing its name, officers, management, 
personnel and line of business. 
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TENSILE STRENGTH-—-ROOM 


25,000 PSI 
10,000 PSI 


Strongest Steatites 


atv Viite 


TEMP, 
Coors AD-99 


a 


0.0005 
Cast Irons 


LOSS TANGENT 


0.0002 


Normal 96-98% - Al,0; 0.0001 


0.00005: 


DIELECTRIC PROPERTIES g0o¢ 


cme ae 


100me 
FREQUENCY 


SUPER DIELECTRIC = STRONG AS IRON 
75% OF TENSILE STRENGTH AT 2000° F 


AD-99 ceramic is non- 
porous 99.0% A1,0, with the amazing 
tensile strength of 34,000 psi— as 
strong as cast iron. It has 30% greater 
strength than the best commercial high 
aluminas of 96% to 98% AlI,Q,. It is 
particularly superior to any ordinary 
metals in strength at high temperatures 
—retaining 75% of its tensile strength 
or 20,000 psi at 2000°F (1100°C). 

Coors AD-99 is a superior dielectric 
material. At modern micro-wave fre- 
quencies, loss tangents are lower than 


Coors new 


those of plastics and all but one or two 
special ceramic materials—as reported 
by the Laboratory for Insulation Re- 
search, Massachusetts Institute of Tech- 
nology. At room temperature, the loss 
tangent is 0.00006 +0.00002 at 100 
me, less than 0.0001 at 300 mc, and 
0.00052 at 50 Kme. 

These properties, combined with the 
excellent hardness and wear resistance 
of the alumina family, make this the 
most superior ceramic now available 
for commercial use. In addition, Coors 


AD-99 has complete, unequaled ho- 
mogeneity made possible only through 
the use of the Coors isostatic process.* 

Originally developed in Coors own 
laboratory especially for radome work, 
Coors AD-99 is now available on a 
commercial production basis for criti- 
cal electronic and mechanical appli- 
cations. We can make test parts for 
your developmental work at nominal 
costs. Production quantities can be 
supplied at prices only slightly higher 
than ordinary alumina ceramics. 


*Coors Porcelain Company operates under license for this patented process from Champion Spark Plug Company, Toledo, Ohio. 


COORS PORCELAIN CO., 648 9th St., Golden, Colo. 





COORS PORCELAIN 
COMPANY 


Manvfacturers of High Strength Alumina Ceramics 


GOLDEN, COLORADO 
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Please send me detailed bulletin on new Coors AD-99 Ceramic, 


Clliy -vssenescetiesasectorenttnitbiianneeaiiian DOD cacervncisvvisinoniatiintitiiees abnewwe 
See our 12-page catalog in Sweet's Product Design File 





Looking 
for the right 
resistor? 


Call Speer for 
a complete line 


of 
fixed composition 
resistors, 


phenolic coil 


For detailed information on specifica- 
tions, characteristics and applications 
ask for this catalog of Speer Elec- 
tronic Components! 
Automation Solderin 
Be sure to send for 
on this subject. 


your concern? 
peer’s Bulletin 


Other Speer Products 
for the Electronics Industry 


R. F. coils * chokes © fixed composition 


capacitors * Speer PAC made by Jeffers Electronics. 


* Also electronic tube anodes ¢ 
contacts * rocket and missile parts * brushes « 
bottery carbons * graphite plates and rods and 

graphite products for the steel and chemical 
industries. 


SPEER RESISTOR DIVISION 
SPEER CARBON COMPANY 
Bradford, Pennsylvania 

D Send the Speer Resistor Catalog. 
O Send Automation Soldering Bulletin. 


—_— 
Les sisres | 


Name. 


Title. 








Company. 
Address. 











Ce ee ee ee ee ee ee ee ee od 


‘Why doit 
Yourself 2 


it Pays to 
Standardize on 


Jeffers 
RE. 


Choke Coils 


e You can save time, labor, ande 
@ money by stocking the wide range e 
e of Jeffers R.F. choke coils just as @ 
e you do resistors, capacitors, and @ 
© other similar components. You can @ 
® forget tedious, expensive hand ® 
® assembly from miscellaneous ® 
® forms, wires, and coatings by using ® 
® standardized otters coils, com- ® 


: pletely assembled for use. 4 


e Jeffers coils are well made, using @ 
® insulated copper wire windings... © 
@ husky seaihit indians. All windings @ 
® are soldered to leads...shorted end ® 
© turns are completely eliminated. 4 


I Put these advantages to work in e 
e your circuits! Jeffers Electronics e 
e offers you . . . ready for delivery e 
@...a complete line of R.F. choke @ 
® coils with a complete range of © 
® inductance values. Write today for ® 
® our specification sheets. ° 


Other Jeffers Products 
fixed composition capacitors 
Other Speer Products 
for the Electronics Industry 
anodes * contacts * resistors 
discs * brushes * molded notched® coil forms @ 
battery carbon * graphite plates and rods @ 


*Patented @ 


JEFFERS ELECTRONICS 


DIVISIO 
SPEER CARBON COMPANY 
Du Bois, Pennsylvania 


Other Speer Divisions: 
Speer Resistor, Speer Carbon Products, 
International Graphite & Electrode 
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Engineering 
Standards 


ASA Standards 


The following ASA 
available: 

C73.1-1957—American Standard for 
Outlet Receptacles, Attachment Plug 
Caps, and Appliance Plugs. ($1.50). 

C37.11-1957 —— Basic Requirements 
for Power Circuit Breaker Control. 
(80¢). 

Copies can be obtained from the 
American Standards Association, 70 


East 45th St., New York 17, N. Y. 





standards ure 


AIEE Standards 
The following AIEE 
available: 

62 — Guide for Making Dielectric 
Measurements in the Field. ($1.00). 

75 — Test Code for Power-Factor 


Testing of Mineral-Oil-Insulated Instru- 
ment Transformers. (Free). 


426 — Graphical Symbols for Semi- 
conductor Devices. (Free). 


430 — Recommended Practice for 
Toroidal Magnetic Tape Wound Cores. 
(Free). 

431 — Presenting Data on Magnetic 
Amplifier Core Materials. (Free). 

ASA-C42.70—Definitions of Electri- 
cal Terms for “Electron Devices.” Price 
$1.20. 

ASA-C42.80—Definitions of Electri- 
cal Terms for “Electrobiology” includ- 
ing ‘‘Electrotherapeutics.” Price $1.20. 

Copies can be obtained from the 
American Institute of Electrical Engi- 
neers, 33 W. 39th St., New York 18, 
ie A 


standards are 





Postcard return forms are provided 
on page 17 as a convenience to the 
reader in obtaining— 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 

Advertised Products 


More information on any product 
or service described. 
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Inch x 10% 


Inches 


EXPANSION 


TEMPERATURE Degrees Centigrade 


TEMPERATURE — Degrees Fahrenheit 


Polisal-jatiilolatclimcoiclalianc) meolameotelahigeii-ic— 
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Here are the answers . . . to requirements for precise 
dimensional control . . . in electrical, electronic and glass or 
ceramic sealing applications. 

You choose from the widest range of low expansion alloys 
available today from any producer, including glass sealing alloys 
suitable for vacuum-tight seals . .. when you choose Carpenter 
as your supplier. 

Experimental work at Carpenter has also produced many 
additional bonus benefits, such as freer machining, easier 
fabrication of these alloys. 

And if you have special low expansion requirements 
conventional alloys can’t meet, Carpenter is still your best bet. 
A continuing research and development program with an 
outstanding record of achievement is ready and willing 

to accept your challenge. 

Tell Carpenter your needs, today. Write, describing your 
requirements fully . . . and ask for your free copy of Carpenter's 
new, 64-page technical booklet covering alloys now available 
for electronic, magnetic and electrical applications. 

The Carpenter Steel Co., 115 W. Bern St., Reading, Pa. 


[arpenter |, 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 

Webb Wire Division, New Brunswick, N. J. 
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STA-KON 


SELF-INSULATED 
TERMINALS 


Combine 


Lowest installed cost 


Pressure-Connector 
Permanence 


Self-Insulated Safety! 


This complete line of self-insulated 
Sta-kon terminals gives you positive 
insurance against accidental contact 
by adjacent terminals. Easier-than- 
ever to install, they provide highly- 
conductive joints .. . large contact 
areas... tough, stable Nylon insula- 
tion . . . and a permanent vise-like 
grip on the conductor. Color-coded by 
size for instant identification. Three 
sizes of terminals will accommodate 
22 to #10 AWG sizes .. . available 
in ring and fork tongues, as well as 
special styles. 


NOW INSTALLED WITH THIS 
SIMPLE, INEXPENSIVE TOOL 


The new, lightweight WT-152 in- 
stalling tool means greater conven- 
ience and economy when you use 
self-insulated Sta-kon terminals. 
Costs less than one quarter as much 
as previous tools . . . installs all ter- 
minal sizes. Has wire-cutter, cush- 
ion-grip handles. No adjustments to 
make when switching sizes. One 
compression-nest accommodates wire 
sizes #22—#14. The other: #12 
and #10. 


Here’s All You Need: 
Terminals Conven- 
iently Boxed in 
Pocket-Size Packages 


Write for NEW Bulletin S-7 showing the complete line of 
Sta-Kon terminals and connectors in pocket-size packages. 


Sold only under the T&B Plan of 100% Wholesaler Distribution 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street * Elizabeth 1, New Jersey 


THOMAS & BETTS, LTD. 
Montreal, P.Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


ENGINEERED 
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Engineering Applications of 
Boolean Algebra 


(Continued from page 79) 





quence of output states must be 1000, 0100, 0010, 0001, 
1000, 0100, etc. Specification 3 defines the key-down 
states and the unstable states, and the resulting output 
table is: 


X 


yiy2y3 0 


000 |({000) 
001 | 1000 
on 
010 (105e) 
no 0010 
m1 
0001 
100 | 0001 


From Eq (105e) four synthesis maps may be derived, 
each one relating the transmission function of one of 
the Z-terminals. No @ states are available in this par- 
ticular case, and the synthesis/Karnaugh maps are: 


Z, Z, 


































































































\105f) 






























































The above maps may now be converted to boolean func- 
tions for the terminals Z,; through Z,. Combining them 
with the feedback equations of Eq (105c) yields a com- 
plete description of the circuit: 
Xy, +yuy3s + yoysX’ 
Xy2 + yeys t+ yiysX’ 
X'ys + yivsX + viyeX 


, 
, 


(105g) 


yiy2 
¥1y2 
yiys 


ruund oud 
= 


(Continued on page 300) 
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SPECIFIED INDUSTRY-WIDE FOR 
OUTSTANDING DEPENDASBILITY... 


| RESISTORS 


and 


| RHEOSTATS 


Offering Designers and Engineers Electrical and 
Mechanical Advantages of Proven Dependability 


. 
0 











4 . 


H-H Rheostats are designed for top performance and 
long life in military and commercial applications — 
* Smooth, long-life 
mechanical action 
* Permanent, positive 
electrical contact 
Constant pressure 
contact arm adjusts 
tension for complete 
continuous contact, 
eliminates backlash, 
prevents binding. High 
temperature gray vitre- 
ous enamel coating in- 
creases safety by its 
ability to withstand 
overload. 


:  H-H rugged Gray Line Resistors meet all requirement: 
for continuous, heavy duty commercial applications ~ 
| ®Non-crazing, high 
| temperature coating 
* Maximum immunity 
' to humidity, salt spra 
Stronger core affords 
: extra dependability 
‘under extreme operat: 
: ing conditions. All wire 
‘connections on H-H 
Long Life Resistors 
feature all welded con- 
struction. The fixed, 
ferrule and adjustable 
types meet MIL-R-26 


specifications. 


H-H Blue Ribbon Re sistors for Re liability 
in Applications with Space Limitations 


H-H Blue Ribbon Resistors provide higher wattagé 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 

temperature, vitreous enamel, crazeless coating 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 
resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof, 


Illustrated catalogs available on 
H-H Resistors and Rheostats include 
helpful engineering and installation 
data. Call or write for copies, now! 
Standard stock items available for 
\immediate delivery from authorized 
local electronic_parts_distributors. 
DESIGNED Y 


TO MEET MIL-R-26 
SPECIFICATIONS! 


The Mark of Quality 
Since 1924 


40 HERMON ST.. NEWARK 5, N.!.. U.S.A 
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Essentially this is an eight-terminal switching circuit 
containing one input, four functional outputs. and three 
feedback “outputs.” Figure 71 shows one possible con- 
figuration for this scale-of-four counter. 

Summary of Synthesis. The fundamental steps in 
designing a sequential system from specifications are: 

1. Determine from the specifications that a sequential 
circuit will probably be required. 

2. Prepare a flow table from the specifications, assign- 
ing arbitrary numbers to the system states. Check for 
buzzers, lock-ups, etc. 

3. From the merged flow table, prepare an output 
table listing the required black-box outputs. 

4. Formulate a simplified state diagram and state-code 
the system secondary controls using a Gray code. If not 
possible, four alternatives are suggested. Most commonly 
a clocked system is resorted to, or else dummy states are 
inserted in the state diagram. 

5. If necessary, edit the flow table and output table 
to include the required dummy unstable states in a 
harmless way. 

6. Convert the flow table to a sequential map, using 
the code translations presented by the state diagram. 

7. Divide the sequential map and output table into 
individual Karnaugh maps listing the transmission func- 
tions for each internal output and functional output and 
design the circuit from this. 

Electronic Sequential Circuits. Editor's Note: 
Space limitations have necessitated omitting the authors’ 
discussion of flip-flops and pulse sequential techniques 
from this part. Instead, these remarks will be published 
in the combined reprint of the entire series, together 
with a discussion of tabular reduction techniques and a 
selected bibliography of boolean algebra literature. O O C 


Processing System for Optimum Design 
Use of Casting Resins 


(Continued from page 85) 





Further details on chemical materials in relation to 
healthful working conditions have been covered by 
Bradley. (15) Berg has discussed the physical problems. 


(16) 


Economic Considerations 

The determination of economic lot sizes to process 
parts that use epoxy and polyester resins is complicated 
by a number of factors. These include: 


1. Automated production generally requires spe- 
cialized, single-purpose equipment. 

2. Rapidly changing technology. 

3. Lack of trained engineers and technicians. 

4. Limited information available to top management. 


Automated production for the small and medium-sized 
concerns usually proceeds stepwise. Figures 15 and 16 
compare batch and semi-automatic operations. It is con- 
servatively estimated that the cost of an automatic mixing 
and dispensing unit can be amortized over as little as 
20.000 units without considering the savings in the reduc- 
tion of material shrinkage. Figure 17 suggests economic 
lot sizes. These may vary somewhat from plant to plant. 
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Fig. 16—Comparison chart for various cost factors between 
batch and semi-automatic operations. 
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Semi- 
automatic 


Automated 


Production 
Note 
The values for X,Y, Y, Z,Z' 
will vary somewhat depending 
upon factors like resin per unit 


Fig. 17—Economic quantities for batch, semi-automatic and 
fully-automated systems. Source: R-B-M Controls Division, Es- 
sex Wire Corp. 


Resin Materials 


References (17) through (22) provide sources for 
various reports on casting resins per se, their properties, 
areas of application, and test procedures. OOO 
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A 20-ton impact load ...14,400 times a day! 
Stanscrew Fasteners solve the problem 


Fastening the air cylinders on this tube former is 
a real problem. Each of these 8” bore cylinders 
delivers a thrust of over 20 tons every time the 
machine is operated. And since this happens 14,400 
times in a normal working day, ordinary fasteners 
would soon fail under these repeated shock loads. 
Furthermore, not even the slightest misalignment 
can be tolerated in this machine. 


The Stanscrew fastener specialist was able to 
quickly answer this demanding problem. His solu- 
tion was Stanscrew Socket Head Cap Screws, 
tightened to within 80% of yield strength so they 
remained in tension. These fasteners, so applied, 
deliver a clamping force that eliminates the shock 
feature of this extremely high loading . . . and pro- 
vides a 100% factor of safety. 


sit Natt ln, 


Tough assignments like this are everyday jobs 
for your Stanscrew fastener specialist. Immediately 
on call, through your Stanscrew distributor, he can 
bring to your problem years of specialized expe- 
rience. And, back of him, is an outstanding staff 
of engineers who have been solving the fastener 
problems of American industry since 1872. 

Stanscrew’s complete line of more than 4,000 
different types and sizes will provide economical 
answers to your fastener requirements. All 4,000 
items are always in stock, quickly available. 

Call your Stanscrew distributor today for solutions 
to your fastener problems. He will arrange a prompt 
meeting with the Stanscrew fastener specialist .. . 
who can often suggest ways to save you money by 
substituting standard fasteners for costly specials. 


STANSCREW FASTENERS 


VuVV 


CHICAGO | THE CHICAGO SCREW COMPANY, BELLWOOD, ILLINOIS 
HMS | HARTFORD MACHINE SCREW COMPANY, HARTFORD, CONNECTICUT 


WESTERN | THE WESTERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 


STANDARD SCREW COMPANY 


2701 Washington Boulevard, Bellwood, Illinois 
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Whenever SPACE and WEIGHT 


are at a Premium... 
SPECIFY TYPE “‘RA’’ MOTOR CONTROLS 


Launching, guidance, tracking and service equipment 
for rockets or guided missiles MUST pack the great- 
est possible performance capacity into the smallest 
possible envelope. That’s why Arrow-Hart Type “RA” 
Starters and Contactors have been selected for so 
many rocket and missile projects ... and so many 
other applications where space and weight savings 
are all-important. Far smaller and lighter than con- 
ventional types, Arrow-Hart “RA” Controls use 
advanced design with greatly improved mechanical 
efficiency to achieve superior performance and 
dependability. The modern Right Angle operating 
mechanism insures positive operation and provides 
increased resistance to unfavorable atmospheric 
conditions. 
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Size 2 For “RA” Data Section, write now to The Arrow-Hart 
=e & Hegeman Electric Company, Dept. EM, 103 Haw- 
Weight 7-% lbs. thorn Street, Hartford 6, Connecticut. 
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Industry,” W. R. Bradley, Reinforced Plastics Div., SPI 12th Pyles Industries, Inc., 8926 Second Ave., Detroit 2, Mich. 
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ponents,” A. E, Javitz, ExecrricaL MANuFACcTURING, April ean mmm 
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oersteds. With heavier reductions, its coercive could go 
to 15.0 oersteds and maximum permeability to 300. 
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When No. 5-F is heat treated to a hardness of Rockwell 
C-40 by oil quenching from 1850 F, its soft magnetic 
properties are very poor. Maximum permeability is 115, 
residual magnetism is only 6140 gauss and coercive 
force increases to 34 oersteds. B-H curves for No. 5-F as 
annealed and as hardened by heat treatment are shown 
in Fig. 5. 

The magnetic properties of the ferritic and martensitic 
stainless steels are also affected by chemical composition. 
Slight changes, particularly in the carbon content, can 
influence permeability markedly. For highest initial per- 
meability, the carbon content should be minimized. 

Another important factor is the annealing cycle. For 
best magnetic behavior, Types 416 and 430 should be 
annealed after fabrication 2 hr at 1450 to 1550 F, then 
furnace-cooled at 100 deg per hr to 1000 F. Type 446 
should be annealed 2 hr at 1700 F and furnace-cooled 
at 100 deg per hr to 1000 F. 

Dry hydrogen atmospheres should be used in anneal- 
ing to keep the surfaces bright and free of contamina- 
tion. Either carbon or nitrogen contamination of the sur- 
face by furnace atmosphere will increase the coercive 
force and decrease permeability. After annealing, these 
alloys should be passivated by immersion in a 50 per 
cent acid solution for 5 min at 120-130 F to obtain 
maximum corrosion resistance. 

To summarize, the best magnetic properties of stain- 
less steels are obtained when the steels are in the fully 
annealed condition. Increase in strength or hardness by 


cold work or heat treatment will adversely affect these 
properties; the amount of change is a function of com- 
position. For predictable performance in magnetic ap- 
plications, the composition of stainless steels should be 
produced to narrower limits than the usual commercial 
standards. O00 


Simplified Aircraft 
Electrical Diagrams 
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tion. In short, this situation suggests that a unified elec- 
trical standard for graphic symbols be established to close 
the gap between aircraft and industrial groups. 


Wiring Diagrams 

In Fig. 1, each wire is shown individually from point 
to point; in corresponding Fig. 4, all wire interconnec- 
tions are trunked between major components and in- 
dustrial symbols are used for the components. Figure 4 
is much easier to read and to prepare. Trunking of wires 
results in a significant reduction in drawing size and in- 
creases the utility of the diagram. 

Figure 4 also presents a simple maintenance problem. 
System changes may be easily incorporated as the addi- 





SMALLEST Magnetic Starters 
Available! 


Arrow-Hart Type “RA” Motor Controls feature the advanced 
design ‘‘Right Angle’? mechanism, with the magnet operating 
through a simple bellcrank mechanism. This provides a me- 
chanical advantage making possible a much smaller and 
lighter magnet which out-performs older, direct-acting types. 
As a result, size and weight are reduced by almost half, while 
performance, operating efficiency and dependability are 
greatly improved. Other important “RA” design features 
include extra-rugged silver cadmium alloy contacts with 
positively guided travel for perfect alignment . . . and straight- 
thru wiring for simplified circuit design. 

Arrow-Hart offers you the only complete line of smaller, 
lighter motor controls including: NEMA Sizes 0 through 5, 
in across-the-line, reversing and two-speed starters and con- 
tactors. 





Write for free 16 page booklet of Motor Control Wiring Dia- 
grams: The Arrow-Hart & Hegeman Electric Company, Dept. 


EM, 103 Hawthorn Street, Hartford 6, Connecticut. Type “RA” Starter 
Size 3 


ARROW - HART OF HARTFORD Weight 15-% lbs 


Motor Controls * Wiring Devices * Appliance Switches ¢ Enclosed Switches 
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152 W. WALTON ST. ° 


long-lasting accuracy... 
trouble-free performance in 
timing, mixing, compounding, 
processing and similar operations! 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 

IMMEDIATE DELIVERY IN ANY QUANTITY... 

Request bulletin. 


See classified telephone directory 
for name of local distributor 


ZENITH ELECTRIC CO. 


CHICAGO 10, ILL. 
Circle 304 on page 17 


CAST P 
‘TEFLON’ 
FILM 
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tion or removal of wires affects only the end connections. 
In Fig. 1, the addition of new circuits frequently calls 
for the diagram to be completely redrawn. Otherwise, 
changes in circuit connection eventually cause the dia- 
gram to appear as a maze of “criss-crossed”’ lines, quite 
difficult to read. These problems do not exist in Fig. 4 
Certainly, lack of understanding and continued use of 
diagrams which are difficult to understand does not con- 
tribute to economic efficiency. Diagrams of the type pre- 
sented here will remove the so called “engineering level” 
of information from the realm of mystery. All affected 
persons will be able to acquire an accurate knowledge of 
the system and its operation with a minimum of training. 
O00 
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High Voltage Transistor Regulated 
Power Supplies 
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of Fig. 1 with symmetrical error differential circuit (R7 

- R,) the drift caused by the thermal sources K, A T 
and K.AT will be: Ae; = 1 + RI/R2)(K, — Kz) AT. 

According to B. H. Hamilton of the Bell Telephone 
System (Ref. 3), under worst mismatch condition for 
transistors 7] and T2 we have: K, = 2.1 millivolt/de- 
gree C and Ky = 3.2 millivolt/degree C. The drift caused 
by temperature variation in reference diode DRI is: Ae 
= (1 + RI/R2) K, A T, where K, = 0.01 per cent/ 
degree C/volt = 2 millivolts/degree C. 

To the above drift components must be added the drift 
caused by the temperature variation in reference diode 
DR2: e, = K, A T/G R8; K, = 0.03 per cent/degree 
C/volt = 3 XK 10% X 6.3 = 2 millivolts/degree C. 
Total drift therefore is: « = (1 + RI/R2) (K, — Kz 
+ K,) + K,/G R8& = 9.4 millivolts/degree C. 

Thus, for a 40 C rise in ambient temperature, the drift 
will be: 9.4 & 40 = 380 millivolts, or 0.2 per cent. 

One way to reduce this drift is to use so-called “com- 
pensated reference” diodes such as IN430A or IN430B 
(Hoffman Semiconductor Co. and International Rectifier 
Co.). These diodes have a temperature coefficient of 
0.002 per cent/degree C and 0.001 per cent/degree C 
respectively. 

Another way of reducing the drift is to use “stabistor” 
diodes in series with the reference diode as shown in 
Fig. 6. Stabistor diodes have a negative temperature co- 
efficient of —2 millivolts/degree C. O00 
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ELECTRICAL MANUFACTURING 





HOW TO SOLVE 6) 
DESIGN PROBLEMS . 


Wen SILICONE IDEAS 


New Electrical Grade Silicone Fluids Remain Reliable 
Under Tough Conditions 


At extremely high desert temperatures or in the freezing cold of 
the Arctic, new G-E electrical grade SF-97 series silicone fluids 
assure uniform and reliable operation of equipment. Their uniform 
purity results from exacting manufacturing and quality control 
procedures. They stay liquid at temperatures far below other mate- 
rials; undergo no change in dielectric constant at frequencies as 
high as 10 megacycles. Among their excellent electrical properties 
are high dielectric strength, high volume resistivity and low power 
factor. 

General Electric silicone fluids are being used in capacitors, trans- 
formers, radar, television, and in systems where heat transfer is as 
important as dielectric strength. Write for more data. 





This Arctic radar station typifies the extreme temperatures to which 


silicone dielectric fluids are subjected to—reliably. Comparative Properties SR-155 Silicone X Silicone Y 





New Silicone Varnish Is Easier To Apply, Protects 
Over Wider Temperature Range Penetration & wetting | Excellent | Good Good 


SR-155, General Electric’s new silicone varnish, is a Class H insu- 
lating material which offers superior performance from —65°C to Low temperature Excellent Fair Excellent 
over 200°C. It will not craze or crack at sub-zero temperatures. craze resistance 
Because it easily handles excessive emergency loads, SR-155 in- 
creases the reliability of electrical equipment. Since it is suitable High temperature Excellent | Excellent | Excellent 
over a wide temperature range this one varnish can take the place stability 
of two or more, so manufacturing procedures and inventory can be 
simplified. Its smooth, glossy finish improves appearance. SR-155 Overcoatin Excellent | Excellent Fair 
penetrates deeper than other resins, “wets out” well and will not g 


bubble. Write for application information. , 
Blister free Excellent | Excellent | Excellent 




















Chart compares essential properties of General Electric SR-155 varnish with 
other silicone varnishes. 


New RTV Silicone Rubber Cures Without Heat, Does 
Not Shrink, Forms No Voids 


Here is a brand new potting and encapsulating material that 
is easy to apply, cures at room temperatures and has outstand- 
ing heat resistance. Tough and elastic, G.E.’s new RTV room 
temperature vulcanizing compounds are stable up to 600°F, 
have excellent electrical properties. Viscosities vary from very 
pourable to spreadable. Can be applied by dipping, pressure 
gun, pouring or spreading. 

RTV is quickly prepared for use: cures in any time you select 
up to 48 hours. 100% silicone solids (solvent free), it cures 
without shrinking or forming voids. Flows easily into compli- 
cated shapes. Write for technical data. Samples available for 
evaluation—just give us a brief description of your application. 


Cutaway of RTV encapsulation. Cures without voids, can also be used for 
molding, filling, sealing, caulking. | 
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Section D9K9, Silicone Products Dept., 
General Electric Company, Waterford, N. Y. 
Please send me further data on: [_] SILICONE DIELECTRIC FLUIDS 
| [_] SILICONE VARNISH [] SILICONE RTV RUBBER 
Gemenar @ crectarc Name Title 
| nen 


GENERAL @@ ELECTRIC | “=~ 


City Zone State 


Send for more information. 




















Silicone Products Department, Waterford, New York ‘... OE A NT ARN ES ERR! onl 
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TWIN LAMP 


No. 248-6939-1437 


SINGLE LAMP 
HOLDER 


Replaceable No. 7538 


Lamp Cartridges 


In this pian gigs facts on DIALCO’s 


Vie lvls 


For the Computer-Automation Industries 


DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 

the computer-automation fields. Made in 2 basic styles: 

Lamp Holders with DIALCO’s own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in 3” clearance hole; the twin-lamp 
assembly mounts in 34” clearance hole. 


LAMPS USED: 
T-1% wire-lead 
incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic With 
lenses (7 colors). Rotatable 
Lenses 


DATALITES 
with 
Built-in NE-2E 
Neon Lamps 


No. 
249-7840-1431 No. 249-7841-931 
with 
built-in resistor No. 
250-7841-1431 
(Illust. approx. with 


actual size) No. 250-7840-1431 © built-in resistor 


DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 

are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 


SAMPLES ON rented ONCE—NO CHARGE 


44 STEWART AVE., BROOKLYN 37, N.Y. * HYacinth 7-7600 
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Effect of High Intensity Radiation 
on Electronic Parts and Materials 


(Continued from page 121) 





darkening agent involved. It should be noted that most 
light-transmission attenuation occurs in the ultraviolet 
region. 

The results of exposing silicon, germanium, seleni- 
um, copper-oxide and titanium-dioxide rectifiers to radia- 
tion hazards are tabulated in Table V. Silicon and ger- 
manium types showed serious susceptibility to radiation 
by a large permanent increase in forward voltage drop 
and leakage current. At 10** nvt, silicon rectifiers in lead- 
lined boral containers were more adversely affected than 
unshielded specimens, probably due to secondary effects 
of the lead. The selenium rectifiers were unaffected as 
were disk thermistors. 

Ceramic materials, resin-glass cloth laminates, hook- 
up wire, chokes, transformers, coaxial cables, resistors, 
connectors, and printed wire patterns did not exhibit 
any significant permanent changes. 


Conclusion 

This report has been released during an interim stage 
of the nuclear test program on Signal Corps equipment 
and materials. Its main value is as a preliminary indicator 
of problems and effects of high intensity radiation on 
electronic components and materials. 

A further program is presently underway at the U. S. 
Army Signal Research and Development Laboratory to 
determine transient damaging effects of high intensity 
short-term nuclear radiation pulses on operating parts 
and materials. Preliminary data from exposures to the 
“Godiva” fast reactor have revealed that lack of static 
effects does not preclude vulnerability to transient 
damage. 

Those changes due to irradiation previously described 
may cause serious problems in electrical parts such as 
dielectric breakdown in capacitors, triggering of relays, 
loss of resistance or loss of magnetic properties. The net 
result may cause failure of the system within which they 
operate. 

Since some materials are not damaged as easily as 
others, the possibility exists of developing radiation- 
resistant parts. This can be done by redesign of parts for 
new materials, pre-irradiation, or shielding of parts to 
be exposed. Such being the case, it is considered entirely 
possible that a complete family of reliable electronic parts 
and materials could be developed that could operate 
properly in the intense radiation environment of a 
nuclear explosion. om ome) 


Selected articles on Nuclear Radiation Effects Appearing in 
ELECTRICAL MANUFACTURING 


“Effects of Radiation Environment on Structural Metals,” A. 
Boltax, June 1958, p 125. 

“Effects of Nuclear Radiation on Electronic Components, 
R. D. Shelton, September 1957, p 76. 

“Effect of Radiation on Semiconductors,” J. C. Pigg and C. C. 
Robinson, April 1957, p 116. 

“Impact of High-Energy Radiation on Dielectrics,” A. E. 
Javitz, June 1955, p 86. 
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New CUTLER-HAMMER Synchronous Timers 


Set the Pace in Industrial Control Timer 
Design and Performance 











F | Minute 
3 Minute 
z Minute 


$ PN ee 
waxige 
* 


One minute timer: Adjustable in one second increments, 0 to 60 seconds. 


Three minute timer: Adjustable in three second increments, 0 to 180 seconds. 


All three timers are dimensionally identical and Five minute timer: Adjustable in five second intervals, 0 to 300 seconds. 
feature an exclusive combined terminal board and 
mounting base. This unique design provides more 
working-room during installation and on-the-job 
interchangeability of the timing units without dis- 
turbing the mounting base or wiring. 
The timer dial reads directly in seconds and one 
glance shows the exact time delay setting. These 
timers are simple to set too. Just rotate the bronze 
pointer to the dial position indicating the precise 
elapsed time desired and the job is done. . . no 
approximations or tedious readjustments necessary. 
The sweep-second pointer counts off the seconds 
during each timing cycle. Automatic reset returns 
the pointer to the start position after each cycle or ne timing unit is removed from the mounting base during in- 
if a power interruption occurs while in operation stallation. Unique spring contacts mate with terminal strips . . . 
... no undertimed cycles possible. no inter-wiring necessary. The one, three, and five minute tim- 
These synchronous motor driven timers work er aap ah phen heclpeapho mig “aac 
better and last longer too. Dust, dirt, and atmos- : E 
pheric conditions can’t interfere with the timing —— 
mechanism. For further information, write today CUTLER-HAMMER 
for Bulletin 10336-T231. Cutler-Hammer Inc., 
Milwaukee 1, Wisconsin. 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, {nc 
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United Air Freight service 


is door to door, relieves you of 


pickup and delivery problems 


As convenient (and fas#) as dropping an air mail letter in 
the box. Turn your shipment over to United at your door 
and forget about it. It will arrive at your customer’s door 
on time and appreciated. 


United’s pickup and delivery service is an extension of 
your shipping department. Takes the strain off traffic 
managers, keeps inventory low, frees warehouse space. 


This service, plus United’s radar dependability, 2000-com- 
munity reach and Reserved Air Freight make a solid case 
for calling United when you stamp cargo “Ship Best Way.”’ 


me 


AIR LINES 


® 


For service, information or free 
Air Freight booklet, call the near- 
est United Air Lines representative 
or write Cargo Sales Division, 
United Air Lines, 36 South Wabash 
Avenue, Chicago 3, IIl. 


GET EXTRA DEPENDABILITY, EXTRA CARE—SHIP UNITED, THE RADAR LINE 
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Atndld Meotmetie Mateniale 


... the most complete line in the industry 


PERMANENT MAGNET 
MATERIALS 


Cast Alnico 
Sintered Alnico 
Arnox 

Vicalloy 

Cunife 


HIGH PERMEABILITY 
MATERIALS 


Tape Wound Cores 
of Deltamax, 
Supermalloy, 
Permalloy or 
Supermendur 


“C” and “E” Cores of 
Silectron 


Bobbin Wound Cores 


Molybdenum Permalloy 
Powder Cores 


Iron Powder Cores 
Sendust Powder Cores 


Special Magnetic 
Materials 


PRECISION-TESTED TO YOUR SPECS... 


Arnold can answer all your requirements from the most complete line of magnetic 
materials in the industry. In addition, Arnold maintains complete control over 
every production step from raw materials to final performance testing. 

Typical test facilities for Mo-Permalloy Powder cores are illustrated above. 
Precision equipment and methods such as these accurately measure the properties 
of all Arnold magnetic materials before shipment, insuring ultimate performance 
in accordance with your specifications. 

As your source of magnetic materials, Arnold offers the vital advantages of 
long experience, undivided responsibility, and unequalled facilities for quality 
control throughout production. @ Let us supply your needs! 


Write for the 
TECHNICAL DATA YOU NEED 


Bulletin TC-101 A. . . Properties, standard 
sizes, etc. of Arnold Tape Wound Cores. 
Bulletin PC-104 B . . . Complete data on 
Mo-Permalloy Powder Cores. 

Bulletin GC-106 C . . . General information 
on Magnets and other Arnold products. 
Bulletin SC-107 . . . Covers the complete 
range of Arnold Silectron Cores. 

Bulletin TC-108 A. . . Describes proper- 
ties, etc. of Arnold Bobbin Cores. 
Bulletin PC-109 .. . Essential data on Arnold 
Iron Powder Cores. 

Bulletin SDC-110 . . . Information on prop- 
erties, etc. of Sendust Powder Cores. 
Bulletin TC-113 A. . . Technical data on 
Arnold Supermendur Tape Cores. 


ADDRESS DEPT. EM-89. 


wsw 678! 8 


THE ARNOLD ENGINEERING (COMPANY — 


Main Office & Plant: Marengo, Illinois 
(ML Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 
District Sales Offices: fe 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 
New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. 
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molded reinforced 
polyester adds 
electro-mechanical 
strength, high 
insulation value 


The new line of Westinghouse current transformers for 
indoor metering or relaying applications is smaller and 
approximately 20% lighter than ever before—yet has a 
rating factor of 1.5 overload, continuous operation. 


Five molded reinforced polyester pieces by the Carl Zehr 
Company, Ashtabula, Ohio, contribute to the electrical and 
mechanical strength, light weight, compactness and 
modern appearance of this new Westinghouse line. 
The case, terminal block and end caps are molded of Atlac 
Thermafiow 2400. Strong and light, this assembly has 
eliminated welding and strapping operations, thus facilitat- 
ing assembly, and completely protects the coils from 
Data for mechanical damage. 
H The “‘V”’ shaped block which acts as a spacer and fasten- 
designers ing block for the primary terminals is of Atlac Thermaflow 
500, a high-strength electrical grade material. Westing- 
Atlac Thermaflow 500 house insists on—and gets—full mechanical strength after 
exposure to 240°C. for one hour. 
Impact strength (1zod, notch) 10-16 ft.b./in. A variety of glass and nylon rag reinforced Atlac Therma- 
Flexural strength . . . 18,000—23,000 psi. flow compounds are available to suit your specific material 
Compressive strength . . . . . 21,000 psi. needs. Write for the new catalog. 
Tensile strength. . . . . 5,000—9,000 psi. 
Mod. of elasticity. . . . . . 1.9.x 10® psi. 
Heat distortion, 264 psi.. . . . over 500° F 


For data on all Atlac Thermaflow mate- 
rials, write for a copy of our new catalog. 


Chemicals Division 
Wilmington 99, Delaware 


Oat LAs) ATLAS POWDER COMPANY 


te 
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New Waldes Truarc Reinforced “E-ring 


5 Times More Gripping Power, 


‘Higher. 


RPM Limits Than Conventional E-Type Rings” 




















The new Waldes Truarc Series 5144 is a radially-installed rein- 
forced “‘E-ring.”’ It is designed for use in assemblies where 
the ring is subject to strong push-out forces resulting from 
heavy vibration and shock loads, high rotational speeds or 
relative rotation between the retained parts. 


Series 5144 provides the following application advantages 
over conventional E-type fasteners: 

1. GREATER GRIPPING STRENGTH —approximately five times 
greater than conventional ‘‘E-rings’’ of the same metal and 
thickness. 

2. HIGHER RPM LIMITS—approximately 50% higher in most sizes. 


3. POSITIVE LOCKING IN THE GROOVE—large corner radii or 
chamfers can be accommodated without separator washers. 


4. LOWER GROOVE COSTS— because recommended groove toler- 
ances have been increased, machining grooves for the series 
5144 is less expensive. 


SEND FOR FREE SAMPLES 


5. WIDER APPLICATION—because series 5144 rings made of 
aluminum are stronger than conventional ‘‘E-rings’’ made of 
steel, the fastener may be used in applications where corro- 
sion resistance or weight are factors. 


Truarc Series 5144 Reinforced “E-rings’’ are available for 
shaft diameters from %,—%, in. in carbon spring steel, stainless 
steel, beryllium copper, aluminum, and phosphor bronze. They 
are available stacked on rods for high speed installation with 
Truarc applicating and dispensing equipment. 


As in all Truarc rings, you get statistically controlled quality 
from engineering and raw materials to the finished product. 
Complete selections are available from leading OEM distribu- 
tors in 90 stocking points throughout the U. S. and Canada. 
Design Engineering Service is available to you. Send us your 
blueprints. Let our Truarc engineers help you solve design, 
assembly and production problems... without obligation. 








AND ENGINEERING DATA 





WALDES 


+ THUARC = 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. 





Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
() Please serid me sample Reinforced “‘E-rings.” 

(please specify shaft size). 
() Please send me Engineering Data Sheet 





Name. 











Business Address 





me ee ee ee ee ee ee eee ee ed 





Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Rep- 
resentative and Authorized Distributor. Look under “Retaining Rings” or “Rings, Retaining.” 
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Guide to Buying 


MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 





Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ADHESIVES 

Durez Plastics Div. Hooker Chemical 
Corp., 1309 Walck Rd., N. Tonawanda, 
N M. 

Houghton Laboratories. Inc.. Olean, N. Y. 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. Ill 
Minnesota Mining & Mf .. Electrical 
Products Div., 900 Fauquier Ave., 

Paul 6. Minn. 


ALUMINUM. See also Castings. 
Aluminum Co. of panies, Alcoa Bildg.. 


Pittsburgh 19. 
American Brass Co., “Waterbury 20. Conn. 
Leuisville 10, Ky 


Cochran Foii Corp., 
Reynolds Metals Co.. P.O. Box 1800-ED. 
Louisville 1, Ky. 
AMMETERS. See Instruments. 
AMPLIFIERS, ELECTRONIC 
General Electric Ce., Apparatus Sales Div.. 
1378 Main 


Verdugo, Burbank, 


Ave.. 
Librascepe, Inc., 40 E. 
uiaaeite Ametifines. Inc., 632 Tinton Ave.. 
New York 55. Zz 
Nothelfer Winding Laberateries. 
Box «& BM-8, Trenton 3, J. 
Sanborn Ce., 1s Wyman, Waltham 54, 


Mass. 
Servespeed Ce.. Div. of Electro- Deion. 
4 Godwin Ave., Paterson 1, 
United suanetermer Co.. 150 Varick. New 


Vickers Biestric ‘Div., Vickers, 1803 
Locust. St. Louis Me. 

Westinghouse Electric Corp.. Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. 

Weston Electrical Instrument Corp., 
of Daystrom, Inc... 

Ave.. Newark N, 


ANODES, PLATING 

American Brass Co., Waterbury 20. Conn. 

Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp.. tit sea 20. Conn 

Engelhard Industries. American 
Platinum & Silver Div.. 231 N. Rail- 
road Ave., Newark 5. N. 

General Plate Div.. Metals and Controls 

. 1909 Forest, Attleboro, Mass 
Fulton. 


(Silver, Gold) 
Harman. 82 New York 

38. N. (Silver, Gold) 
Hussey & Co.. C. G., Pittsburgh 19. Pa. 


ASBESTOS SLEEVING. See Sleeving and 
Tape. Asbestos. 


Inc., 


A sub. 
_ Frelinghuysen 


AUTOMATION EQUIPMENT ~ 

Stromberg-Carison, A Div. of 
Dynamics Corp., ~ tt? —~Cathe 
Rochester 3. N. Y. 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5. N. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg 401 Liberty Ave., 
Pittsburgh 30, Pp. 


General 


BALLS, BEARING 
Hoover Bal! & Bearing Co., 326 E. Hoover, 


Ann Arbor, Mich. 
SKF Industries, Inc., Philadelphia 32. Pa. 


BATTERIES, DRY 


ar & Co., Inc., P. R., Indianapelis 


Carbon Co., Inc.. A Div. of 
Carbide Corp., 30 E. 42nd, 


Ne ew York 17. N. Y. 
nd Corp. of 


National 


RCA Electron Tube Div. 
America, Harrison, N. 


BATTERY ELIMINATORS. See Power 
Supply Units; Rectifiers. 


BEARINGS, BALL (Miniature) 


Miniature Precision Bearings, 
Precision Park, Keene, N. 

ae Departure =. of General 
Corp., Bristol, 

New Hampuhire Ball 3 Bearings, Inc., 


boro 
Co., Plastics "i 
Camde 


611 


Motors 


Inc., 


Peter- 


h, N. 
United States Gasket 
of a Garlock Packing Co., 
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BEARINGS, BALL and ROLLER 
(Radial and Thrust) 
Hoover Ball & Bearing Co., 
Ann Arbor, Mich. 
New Departure Div. 
Corp., Bristol, Cenn. 
Nice Ball Bearing Co., 30 
Park Ave., Philadelphia 40, Pa 
SKF Industries, Inc., Philadelphia 32. 


326 E. Hoover. 
of General Motors 
th & Hunting 
Pa. 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


—— Div., Chrysler Corp.. Detroit 31, 
9540 Tulley Ave.. Oak 
1621 Holland, 


Mi 

Radio Cores, Inc., 
Lawn, Til. 

United States Graphite Co., 
Saginaw 8, Mich 

BEARINGS and pupnnes. METAL 
(Brass, Bronze, Steel, etc.) 

Amplex dae Chrysler Corp., 
31. 


Detroit, 
Mich 
Bunting Brass and Bronze Co., Toledo 1. 
Oh 


je 
Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20, 


P. B.. 
1621 Helland. 


Mallory, & Co., Inc., Indianapolis 

United States Graphite Co., 
Saginaw 8. Mich. 

BEARINGS and BUSHINGS, 
NON-METALLIC 

General Electric Co., 
catur, I! 

National Carbon Co., Inc., A Div. of Unien 
Certide Corp., 30 E. 42nd, New York 


Wilming- 
Oak 


Plastics Dept.. De- 


17 

National Vulcanized Fibre Co., 

ton 99 

Radio 
Lawn, I 

Spaulding 


Conse Inc., 9540 Tulley Ave., 


Fibre Co., Inc., Tonawanda, 

w estinghouse iectrie Corp.. Gateway Cen- 
Tr dg , 401 Liberty Ave., 
Pittsburgh 30. Pa 


BELLS 

Stromberg-Carlson, 
Dynamic Corp., 
Rochester 3. N. Y¥ 

Wheelock Signals, Inc., 
Ave.. Long Branch, N 


A Div. of General 
117 Carlson Rd., 


273 Branchport 
I 


BELT DRIVES. See Drives, Belt 

BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 

& Co., P. B.. 


Riverside- Allov Metal Div., 
Co.. Inc., Riverside, N. J. 


BIMETALS. 


BITS. SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 


BLADES, FAN 
Torrington Manufacturing Co., 
Conn 


Indianapolis 
H. K. Porter 


M oer Inc., 


See Thermostatic Bimetals. 


Torrington, 


BLOCKS, PILLOW 
New Departure Div. 

Bristol. Conn. 
SKF Industries, 


of General 


Philadelphia 32. 


Motors, 
Inc., Pa. 


BLOCKS. TERMINAL. See Strips, 
and Boards, Terminal. 


Blocks 


BLOWERS. See Fans and Blowers. 


BOLTS. See Fasteners. 


BOXES, METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, MAGNETIC 


Autotronics Inc., Box 812, Rt. 1, Floris- 
samt, Mo 

Dings Brakes, < a= W. Electric Ave., 
Milwaukee 46, 

Cutler-Hammer, — 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Eaton Mfg. Co., Dynamatic Div. 3307 
Fourteenth Ave.. Kenosha, 
Stearns Electric ga 120 N. 
Milwaukee 2, 
Warner Electric Brake & Clutch Co., 

Dept. EM. Beloit. Wis. 


Broadway. 


BRASS, BRONZE and COPPER (All 
Commercial Forms). For Wire, see Wire 
and Cable, Bare. 

American Brass Co., Waterbury 20, Conn. 
Also Tobin Bronze, Chromium Cooper 
and Selenium opper Alloys) 

Chase Brass & Copper Co., Sub. of | a 
necott Copper Corp., W aterbury 20, 

Driver C Wilbur BS 875 MeCerter 
Highway, Newark N 

Hussey & Co., cf ~~ ’ Pittsburgh 19, Pa. 

Iisco Corp., De Madison 
_— Cincinnatt ‘or, Ohio (Copper Tub- 

Phelps Dodge Copper Products Corp., 300 
Park Ave., New York 22, @ 

Somers Brass Co., Inc., 110° Baidwin Ave.. 
Waterbury, Conn. (Strip 


BRAZING ALLOYS, SILVER 

Chase Brass & Copper Co., Sub. of Ken- 
necett Cepper Corp., Waterbury 20, Conn. 

General Plate Div., Metals and Centrols 
Corp., 1909 Forest, Attleboro, Mass. 

eeny & Harman, 82 Fulton, New York 

N 

Mallory & Co., Py. 

6 


Inc., Indianapolis 


BRONZE. See Brass, 
Phosphor Bronze. 


Bronze and Copper 


BRUSH CAPS 
os tes Molding & Mfg. Co., 
, Gurnee 96, Til 
Pheri Electric Mfg. Co. 
Chicage 24, Ill. 


123 Rotary 


. 4211 W. Lake, 


BRUSHES: cARnen, GRAPHITE, 
METAL-GRAPHITE 

National Carbon Co., Inc Div. of 
Union Carbide Cerp., 30 Er. Aena. New 
York 17, N. 

Speer Carbon Co., mt. ag a Pa. 

Stackpole Carbon Co., Marys, Pa. 

United States Greohite Co., 1621 Holland, 
Saginaw 8, Mich. 

w og rye ee” ce Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., Pitts- 
burgh 30. Ps 


BRUSH HOLDERS. See Holders, 
Commutator Brush 


BUSHINGS 

Bearings. See Rearings and Bushings 

Composition. See Plastics Molders. 

Fibre. Sce Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seals. See Seals and Term- 
inals, Hermetic. 

Mica. See Mica 

Porcelain. See Ceramics. 

Rubber, See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET 
Metal Fabricators. 


METAL. See Sheet 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire. 


CAMBRIC, 
Insulating 


VARNISHED, See Fabrics, 


CAPACITORS 
AMP Incorporated, Chemical & Dielectrics 
Div.. 155 Park, we. Pa. 
Allen-Bradley Co., 6 8. Second, Mil- 
waukee 4, Wis. 
Centralab, Div. 
ceefe Ave., 


9623 E. 
Erie Resistor Corp.. 


of Globe-Union. 
Milwaukee 1, 
Electronics 
North 
3405 Park 


Apparatus Sales 


Ine... 
Wis. 
Div., 
Chi- 
Ave., 
Div... 


970 
San 


Fansteel Metallurgical Corp., 
cago, Ill. (Tantalum) 
Film Capacitors, . 
New York 56, ¥. 
General Electric oa 
Schenectady 
Jennings Radio Dianufecturing Corp... 
McLaughlin Ave., P.O. Box 1278, 
Jose 8, Calif. 
Johnson Co., E. F., 2331 Second Ave., 
S. W.. Waseca, Minn. 
ee ‘& Co., Inc., P. R., 


3613 Howard, 


Indianapolis 


Ohmite Manufacturing al 
Skokie, Ill. (Tantalum 

Radio Condenser Co., Controls Hiv., 
den 3 J 


Cam- 





Sangamo Electric Co., A se” tea Compo- 
nents Div., Springfielc 

Sprague Electric Co., 307 North 
Adams, Mass. 

Stackpole Carbon Co., St. Marys, 

Texas Instruments Incorporated, 
mun Ave., Dallas 9, Texas 


Marshall, 


Pa 
6000 Lem- 


GRAPHITE: 
Anodes, Bearings, 
Plungers, Rings, 


(Contacts, 
Dises, 
Seals, 


SARBON and 
Electrodes, 
iles, Piates, 
ete.) 

Erie Resistor Corp., Electronics Div., 
s 


Keasbey, N. J 


Erie 


a. 
General Ceramics Corp., 
Speer Carbon Co St. Marys, Pa. 
Stackpole Carbon Co., St. Marys, Pa 
United States Graphite Co.. 
Holland, Saginaw, Mich. 


1621 


CASTINGS, ALUMINUM and 
MAGNESIUM, See also Castings, Die 

Aluminum Co. of America, Alcoa Bldg.. 
Pittsburgh 19, Pa. 


CASTINGS. DIE 
Aluminum Co. of America, Alcoa Bldg.. 
Pittsburgh 19, Pa. 
Reproducer Corp. 149 Beechwood 
w Rochel N. Y. (Zine) 
tas ‘Casting Div., North 
Ohi 
—_ ‘Kipp “Corp. 214 Waubesa. Madi- 
10, W 
Merkle- Korff Gear Co., 211 
Chicago 7, Ill 
New sae Zine Co., 160 Front. New 
York 38, N. Y. (Zine Die Casting Al- 


N. Morgan 


iaoed ) 


CASTINGS INVESTMENT 

International Nickel Co.. Inc., 67 Wall, 
New York 5, N. Y. (Nickel ‘and Nickel 
Alleys) 

CATHODE RAY TUBES. Tubes. 

Cathode Ray. 


CEMENT, INSULATING and SEALING 


du Pent de Nemours & Co., (Inc.), E. 1, 
Plastics Div., Polychemicals Dept., Wil- 
mington 98, Del. 

Durez Plastics Div. Hooker Chemical 
Corp., 1309 Walck Rd, N. Tonawanda, 


See 


Co., Dept. 


ur, 

Johns- Marville Dutch Brand Na | ga 
7800 Woodlawn Ave., Chicage Tm. 
Zephar Mills, Inc., 112-130 Seth ® prook- 

lyn 32, N. Y. 


N. ¥ 
General Electric Plastics 
Decat 


CERAMICS 

Standard & Roectel, penantatont 
Porcelain (low-volt 

Refractory Porcelain 
High-veltage Porcelain 
Cerdierite 
Zircen Porcelain 
Steatite (Lava) 
Titanates 
Coment- Asbestos 
Ferrites 


Alumina 
Akren Porcelain Co., 3000 Corry 
saxron i4, Ohio (AB) 


American Lava Corp., Chattanooga 5, Tenn. 
CDEFG) 


Ave., 


Div. of 
Keefe Ave., 


Ine., 
Wis. 


Globe-Union, 
Milwaukee 1, 


642 Ninth, 


Centralab, 
962] E 
(EF) 

Coors Porcelain Co., Golden, 
Calif 


General ‘ema Corp., Keasbey, N. J. 
(BEF 
Mycalex Cem. of America, Clifton Bivd., 
Clifton, N. J. (Glass Bonded Mica) 
f Porcelain Co., New York Ave. 
Box 908, Trenton 5, 


2405 8S. Concord Rd., Lafa- 


6060 Rivard, 


(/ 
Rostone Som. 
yette, Inc 
Square D Co., 
Mich, (A) 
Stackpole Carbon Co., St. Marys, Pa. (1) 
Star Porcelain Co., 34 Muirhead Ave., 
Trenton 9, N. J. (BF) 
Wisconsin Porcelain Co., 
Praire, Wis. (ABF) 


Detroit 11, 


122 Lincoln, Sun 


CHAMBERS, TEST 
Blue M Electric Co., 
Blue Island, Ill. 
Cincinnati Sub-Zero Produets, 
Reading Road, Cincinnati 28, 


138th and Chatham, 
3930 W. 8 
Ohie 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 


11A 8B. 


CHOPPERS, ELECTRONIC 

Airpax Products Co., Ft. Lauderdale, Fis, 

Oak Mfg. Co., 1260 N. Clybourn Ave., 
Chicago 10, Ill, 


CIRCUIT BREAKERS 


Airpax Products Co., Ft. Lauderdale, Fla. 
Allen-Bradley Co. 


1316 8, Second, Mi!- 
waukee 4, 


Wis, 
Crouse-Hinds Co., Syracuse 1, N. 
Cutler-Hammer, Inc., 1264 St, Paul Ave, 

Milwaukee 1, Wis. 
E-T- ~ i, Products Co. of America, 5085 N 
Ave., Chicago 50, 
General” Electric Co., Apparatus ‘Sales Div., 
Schenectady 5, N. Y. 
eS Blectrie Co., 99 Plum, Tren- 
ton 


Spencer Div., Metals & Gentrete Corp., 
3609 Forest, Attleboro, Mas 

Square D Co., 4041 N. bisnares, Milwau- 
kee 12. Wis. 
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ASU Contactors offer design flexibility... 
fast arc interruption and long contact life 





Standard ASCO Contactors are designed to fit specialized 
control problems—lend themselves to virtually unlimited 
combinations and numbers of auxiliary contacts. The line 
is diversified and flexible, so that unusual control prob- 
lems (which for other manufacturers may mean special 
expensive designs) are readily solved through the use of 
ASCO Contactors. Multi-pole, special contact arrange- 
ments, A-C and D-C pole arrangements, and many other 
“custom” features are readily available from ASCO 
standard designs. 


ASCO bipolar twin-coil operators—unique in this field 
—are another aspect of this same design philosophy. 
Featuring two variable air. gaps in place of the conven- 
tional single one, they result in particularly fast operation, 
positive closing, and minimum power loss. 


Contact erosion is held to a minimum in all units. 
Copper, carbon, silver or silver alloy contacts are 
available as required by each application—individual 
units are offered with “arc splitter’ providing near 


The flexibility of ASCO contactors is illustrated instantaneous arc interruption to prevent flash-over. 
by this system (Cat. 128840). Any number 

and combination of auxiliary contacts can 

be provided. Here, the main contact handles 

the heavy armature current of a D-C 

machine, while the auxiliary contacts control 

other circuits—both A-C (inductive and non- 

inductive) and D-C. 


This modified Bulletin 1035 Contactor sim- 
plified a customer's control problem, and 
introduced safety features unobtainable 
through conventional switching arrangements. 
The system demanded simultaneous switching 
of all poles. This was achieved in this ASCO 
arrangement with a single operator. Conven- 
tional switching would have required at least 
three operators to close all poles, introducing 
the hazard of failure. This Catalog 130S67 
Contactor has 1 pole rated 100 amperes, 600 
volts A-C; 4 poles rated 30 amperes, 250 
volts D-C; and 4 poles rated 30 amperes, 
250 volts A-C. 





FOR THE COMPLETE STORY ON ASCO A-C AND D-C CONTACTORS, WRITE FOR CATALOG 575-3. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey, FRontier 7-4600 





AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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prone 


ROSITE*2150 


(| COMPOUND 














Non-carbonizing, highly heat resistant 
moldings for a Size 4 Contactor. Pro- 
duced from stone-like ROSITE 2150 with 
high dimensional accuracy. Metal inserts. 


Offeriug™ Built-In 


Arc Quenching” 


ROSITE 21560 is a specially formulated material pos- 


sessing “built-in arc quenching” characteristics. As a | 
result, it is a superior material for applications in an | 


electric arc. Its arc quenching ability has, in some 
instances, increased arc interruptive capacity of Line 
Starters as much as one full size solely through 
change to this cold molded composition. It has proven 
its value over a wide range—from very small devices 
interrupting currents as low as 10 amperes to large, 
high voltage equipment interrupting 25,000 KVA. 


Rostone Corporation provides this material custom 
molded for many leading manufacturers of electrical 


equipment. We invite you to make inquiry—samples | 
available for test. WRITE TODAY. 
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PRODUCED EXCLUSIVELY BY 


OSTONE 


CORPORATION 
Engineers and Custom Molders 


2495 S. Concord Road 
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Lafayette, Indiana | 








Westinghouse Electric Corp., Gateway Cev 
er Blig No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


CIRCUITS, ETCHED, PRINTED, ETC. 


American Lava Corp., Chattanooga 5, Tenn, 

Centralab. Div. of Globe-Union, Im 
962) E. Keefe Ave., Milwaukee 1, Wis 

Daven Co., 536 W. Mt, Pleasant a 
Route 10, Livingston, N. J 

Erie Resistor Corp., Electronics Div 
trie, Pa. 

Mycalex Corp. of America 
Clifton, } 

Northern’ Plastics Corp., Second & Mar 
ket, La Crosse 5, Wise. 

Photocircuits Corp., Glen Cove, N. Y 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J, 

Sanders Associates, Inc., Nashua, N. H 

Sprague Electric Co., 307 Marshall, Nort: 
Adams, Mass 

United States Gasket Co., Plastics Diy 

of a Garlock Packing Co., Camden | 


Clifton Biva 


CLAMPS and CLIPS, GROUND and 
TEST 


4 Corp., Omaton Div., 
Co 

oy c orp., Dept. F-4, 4730 Madison Rd., 
Cincinnati 27, Ohio 

Sherman Manufacturing Co., H. B., Battle 
Creek, Mich. 

Thomas & Betts Co., Inc., 
Elizabeth 1, N. J, 


Norwalk, 


28 Butler, 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 

Weckesser Co., 5256 N, Avondale Ave., 
Chicago 30, IIL. 


CLEANING COMPOUNDS, METAL 
Zophar Mills, Inc., 112-130 26th, Brook- 
lyn $2, N. Y. 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH TRACING. 


See Tracing Cloth, 
Film and Paper. 


CLUTCHES, ELECTRIC 


te Inc., Box 812, Rt, 1, Floris- 
sant 
Cutler- Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 
Brakes, ine., 4713 W, 
Milwaukee 46, Wis. 
. .. Dynamatic oes. 8307 
Fourteenth Ave., Kenosha, Wis. 
Fawick Airflex Div. Fawick Corp., 9919 
Clinton Rd., Cleveland 11, Ohio 
Radio Condensor Co., Controls Div., Cam- 
den 8, N. J. 
Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis. (Magnetic) ad 
Vickers Electric Div., Vickers, Inc., 1808 
ust, 
Warner 
pt. 


Electric 


e & Clutch Co. 
EM, Beloit, Wis. 


COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES and FORMS 
American Lava Corp., Chattanooga 5, 
‘enn. 

Cambridge Thermionic orp. 
Ave., Cambridge 38, 
Cleveland Container Co., 

Ave., Cleveland 2, Ohio 
Continental. “Diamond Fibre, A Sub. of 
Budd Co., Newark 13, Del, 
eum Plastics Co., 3239 W. 14th, Cleve- 
A lo 
Ferroxcube Corp. of America, 50 8. 
Bridge, Saugerties, N, 
ries Reproducer Corp., 149 Beechwood 
ve., New Rochelle, N. , & 
Mycalex Corp. of America, Ciifton Bivd., 
Clifton, N. J 
National Vulcanized Fibre Co., Wilming- 
ton 99, De 


453 Concord 
“6201 Barberton 


Paramount ——_ Tube Co., 612 Lafay- 
. Fort Wayne 2, Ind. 
oe Inc., 9540 Tulley Ave., Oak 


» St. Marys, Pa. 

(Screw-type, Molded Iron) 
United States Gasket Co., Plastics Div, of 
Garlock Packing Co., Camden 1, 


COILS and WINDINGS 

Acme Wire Co., 1255 Dixwel] Ave., New 
Haven 14, Conn. 

Anderson Controls, “Inc., 9959 Pacific Ave., 
Franklin Park, Ill. 
Audio Development Co., 2836 18th Ave., 

South Minneapolis 7, Minn. 

Caledonia Electronics & Transformer Corp., 
Dept. EM-9, Caledonia, N. Y. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill. 

Cow-Coil Co., Inc., 63 Pavilion Ave., 
Providence 5, R. I. 

Cutler-Hammer, es 1264 St. Paul Ave., 
Milwaukee 1, Wis 

> Electric Co., 93 Main Winsted, 

— Coils, Inc., 1300 First, Wabash, 
nd. 

Dormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, IIL 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, a 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 


lisco Corp., Dept. F-4, 4730 Madison Rd., 
Cincinnati 27, 
Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. EM-8, Trenton 3, N, 
Kt A Electron Tube Div., Radio Corp. of 
America, Harrison, N. 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Qhic 

Ther Electric & Machine ee, 1lA 8 
Jefferson, Chicago 6, lL, 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc., 
Conn 

Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd., Fort Wayne, Ind. 

Stevens Manufacturing Co., Inc., George, 
6022 N. Rogers Ave., Chicago 30, II. 

Universal Winding Co., P. O. Box 1605, 
Providence 1, R 1. 


Danbury, 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 
Electro Tec Corp., 


N, J 

Kirkwood Commutator Corp., 4855 W 
130th, Cleveland 11, Ohio 

Midwest Molding & Mfg. Co., 123 Rotary 
Dr., Gurnee 96, Tl. 

Nippert Electric Products Co., 1759 W 
Mound, Columbus 23, Ohio 

Toledo eer Co., South Chestnut, 
Owosso, Mich 

Westinghouse Hlectric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa, 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, Syca- 
more, 


South Hackensack, 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical _ S4717 St. 
Paul, Rochester 2, N. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
pound: 


COMPOUNDS, VARNISH. See Varnishes. 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 
Atgpen Products Co., Fort Lauderdale. 
la. 
Erie Electro-Mechanical Div., Erie Resis- 
tor Corp., Erie Pa. 
Incorporated. 6000 


Texas Instruments 
Lemmon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors. 


CONDUIT FITTINGS 

Buchanan Electrical Products Corp., 225 
Route 22. Hillside. N. J. 

Crouse-Hinds Co., Syracuse 1, ¥. 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 50, Ill. 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 5284 Eisenhower Blvd., 
Harrisburg. Pa. 

American Brass Co., 

Se * 
Ave ica . 

Buchanan Electrical Products, 225 Route 
22, Hillside, N. 

=< Corp., 


~—y Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles a1, Calif 
Crouse-Hinds Co., Syracuse 1. 
Electric Co., Construction “Ma- 
Bridgeport 2, Con’ 
Holub Industries, Inc., 445 Elm. ” Syca- 
more, Til. 
Hubbell, Inc., Harvey, patton port 2. Con 
Iisco Corp., Dept. F-4. 4730 Madison 
Rd., Cincinnati 27, Ohio. 
Johns- Mamie. Dutch Brand Products, 
7800 lawn Ave., Chicago 19. Ml. 
Johnson “Oo. BR 6. $331 Second Ave., 
S, W., Waseca, Min 


Krueger & Hudepohl, ‘To4s Evans, Cin- 


cinnati 4, Ohio. 

Microdot, Inc., 220 Pasadena Ave., So. 
Pasadena, Cali 

Sherman Manufacturing Co., H. B., 
Battle Creek, Mich. 

Switchcraft, el 5539 N. Elston Ave., 


Inc., 28 Butler, 


Waterbury 20, Con 
1830 8. Bath 


Omaton Div., Norwalk, 


Elizabeth 1N. J 


CONTACTORS, MAGNETIC. See Relays 
and Contactors, 


CONTACTS and CONTACT POINTS 
Bryne | Co.. ¢ 8. 318 Washington, Mt. 
Ve 


N. 

Deringer "Metallurgical Corp., 8111 Monti- 
cello Ave., Skokie, Ill. 
—"s Industries, Inc., Baker Contact 
Div. a Grant Ave., East Newark, 

Harr P.O., 

Pansteel Metallurgical Corp., North Chi- 
ca. 

General Plate Div., Metals ond Controls 
Corp., 1909 Forest, Attl 

Gibson Electric Co., Old Wm. Penn High- 


way, Delmont, Pa. 
a ty & Co., Inc., P, R., Indianapolis 
Stac uote Carbon Co., St. Marys, Pa. 

Thomson Mfg. Co., Judso son L., Dept. D.. 


Waltham 54, Mas 
Ulanet Co., George, “420 Market, Newark, 
Nd 
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WESTINGHOUSE TAKES A GIANT STEP 
IN SILICON POWER TRANSISTORS 


Through major improvements in silicon purification and transistor fabrication, Westinghouse has 
broken down the previous limitations of Silicon Power Transistors. The result is a new series of 
Westinghouse Power Transistors which can operate at high efficiencies in the “true power range.” 


LIFE-SIZE DRAWING 
shows how 
Westinghouse Silicon 
Power Transistor is 
designed for 
attachment to heat 
sink with a screw 
stud. All leads are 

in the base. 


WX1015 


These are the first members of an entirely new family of 
Westinghouse Silicon Power Transistors, which have 
the advantages associated with silicon (high voltages 
and high operating temperature) without the disadvan- 
tages (high losses). As you can see from the chart below, 
these units possess exceptionally low saturation resist- 
ance—less than one half ohm. This low saturation 
resistance results in low internal dissipation. Coupled 
with high power handling capacity, it makes possible 
silicon transistors which can efficiently handle 1000 or 
1500 watts. For example, as a DC switch, handling 
1.5 kw (300 volts at 5 amperes) the internal dissipation 
of the units is about 12.5 watts with a resulting efficiency 
of better than 99%. 

Like other silicon devices, these transistors can 
operate in ambient temperatures up to and exceeding 
150°C while germanium units are limited to 85°C. Thus, 
where the higher power rating is not required these units 
may be used for their high temperature capabilities. It 
also follows that wherever germanium power units are 
presently employed, a switch to silicon transistors will 
result in higher reliability of operation, because of the 
greater margin of safety with respect to operating 
temperature. 

There are a great many circuits for which this new 
type of silicon power transistor is made to order. It will 
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CURRENT 


RATING VosBo Voe (Veg=0) Rs 








2 AMPERES 


WX1016 5 AMPERES 


30-300V 30-300V 0.5 OHMS TYPICAL 


30-300V 30-300V 0.4 OHMS TYPICAL 


Thermal resistance —Junction to case, 0.7°C/watt typical. Current ratings 
based on the current at which current gain is equal to or greater than 10. It is 
possible to switch higher collector currents with some sacrifice in gain. 


find use in inverters or converters (AC to AC, AC to 
DC, DC to AC, DC to DO), to control frequencies for 
data processing, servo output, and other aircraft in- 
formation applications. It will serve as a low frequency 
switch, as mentioned above; it will operate efficiently 
with low power supply voltages; and it will find a 
number of uses in class A amplifiers. There are also 
many additional applications—too numerous to list here. 

These Westinghouse Silicon Power Transistors are 
available in sample quantities for your testing and imme- 
diate application. Call your Westinghouse representa- 
tive or write directly to Westinghouse Electric Cor- 
poration, Semiconductor Dept., Youngwood, Penna. 
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1.0 2.0 3.0 4.0 
COLLECTOR CURRENT, Ic amperes 


LOW SATURATION RESISTANCE is exhibited in this graph 
showing values for a typical Westinghouse Silicon Power 
Transistor driven to 5 amperes. The values are fractions of 
those observed in other silicon transistors. 
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High-Impact-Strength 
High Temperature 


New PHOENIX “Pemester” 


High performance Phoenix ‘‘Pemester”’ 
Brush Holders and Caps are for motors 
that get the really rugged duty. ..new 
“‘Pemester”’ material gives high-impact- 
strength, dimensional stability up to 
400°F. and molds to close tolerances in 
any quantity . . . Available only from 
Phoenix in the complete ““Customized- 
Standard” line of sizes and types— or 
to your specifications. 
Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
i 57-E. Your copy free on request. 


PHOENIX ELECTRIC MANUFACTURING CO. 
3625 N. Halsted Street Chicago 13, Illinois 
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rf all oN 


for high heat or 
other severe 








for maximum economy 
ine wypreae conditions 


Light weight, strong, chemically resistant. 

No short circuits, no grounds, no 

corrosion, no rust. Only one fastener needed 
Sizes to 14 inches. Write for free — 


samples and price sheet. N.E.C. Show, Chicago 
Booth No. 18 


WECKESSER COMPANY 


5711 NORTHWEST HWY., CHICAGO 46, ILL. 
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CONTACTS, CARBON. See Carbon and 
Graphite. 

CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J. 

CONTAINERS, PACKAGING and 
SHIPPING 


Mason Box Co., 
Mass. 


Dept. Bl, Attleboro Falls. 


CONTOUR PROJECTORS 


Bausch & Lomb Optical Co., 84717 St. 
Paul, Rochester 2, N. Y. 


CONTRACT payseniebs gg se 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper on. ary aterbury 20. Conn 
Curtis Development & Mfg. . 3266 N. 

33rd, Milwaukee 16, Wis.” 
Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 
Merkle-Korff Gear Co., 211 N. 
Chicago 7, Ill. 
Stromberg-Carlson, A Div. of 
Dynamics “a ag 1434 N. 
Rochester 21, . A 


Morgan, 


General 
Goodman, 


CONTROLLERS, MOTOR 


Allen- em Co., 1316 S. Second, Mil- 


waukee 
Arrow-Hart™ 2 Hegeman Electric Co., 103 
Hawthorne, Hartford 6, nn. 
Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N 
Clark Controller ta 1146 E, 152nd, 
Cleveland 10, Ohio 
Crouse-Hinds Co., Syracuse 1, N. Y. 
, 1264 St. Paul Ave.. 
Electro Products Laboratories Inc., 4501 


N. Ravenswood Ave., Chicago 40, Ill 
Fidelity Instrument \ amaae 1000 E. Bound- 
y Ave.. York, 
Furnas Electric Co., “i024 McKee, Batavia, 
General Electric Co., 
Div., Schenectady 5, 
Hart Manufacturing Co 
Ave., Hartford 1. Conn. 
Square D Co., 4041 N. 
waukee 12, Wis. 
Vickers Electric Div., 
Locust, St. Louis . 
Ward Leonard Electric "Oo.. 

Mt. Vernon. N. 


CONTROLLERS, Ep ease gg 
Weston Electrical Instrument 
—_. of Daystrom, Inc., 614 mo 
en Ave., Newark f 
Wheelco Instruments Div., 
Co., 1403 Rock, Rockford, 


Apparatus Sales 
2 “Bartholomew 
Richards. Mil 
waeeete Inc.. 1803 


34 South, 


Barber-Colman 
Ill. 


connote, FLOAT — LIQUID 


EVEL. See Switche 


CONTROLS PRESSURE and TEMPER- 
ATURE. See also Relays, Switches, 
Thermostats. 

Allen- er es tg 1316 8, Second, Mil- 
wauk 

Barber- Colman Co. 1803 Rock, Rockford 
Bourns Laboratories, P. O. Box 2112 
Riverside, Calif. 

Cutler-Hammer Inc., 1264 St. Paul Ave.. 
Milwaukee 1, Wis. 
G-V_ Controls, ae 
East Orange, N. 
General Blestric’ Co., 
Div., Schenectady 5. } 
Hart Manufacturing Co.. 

ve.. Hartford 1, Con 

Robertshaw- Fulton Controls Co., Acro 
Div., Columbus 16, Ohio. 

Spencer Div., Metals & ~ gga Corp., 
3609 Forest, Attleboro, Mas 

Square D Co., 4041 N., itichards, Milwau- 
kee 12, Wis 

Weston Electrical Instrument Cor A 
sub, of Daystrom Inc., 614 F pelinehen- 
sen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il. 

White-Rodgers, St, Louis 6, Mo. 

Wiegand Co., Edwin 7530 Thomas 
Bivd., Pittsburgh 8, I 

CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors; 
Switches. 


CONTROLS, 
nisms. 


8 Hollywood Plaza. 
Apparatus Sales 


au “Bartholomew 


SERVO. See Servomecha 


COPPER. See Brass. Bronze and Copper 


COPPER, BERYLLIUM. 
Copper. 


See Beryllium 


COPD and TWINE, ARMATURE and 
COIL 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago %. ™. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3. 401 Liberty Ave. 
Pittsburgh 22, Pa. 


CORD, a te pee See 
Cable, Insulated 
Varfiex Corp., 504 Ww. Court, Rome, N. Y. 


CORD, Reser anes LINE. See Resist- 
ance Line rd 


Wire and 


CORD SETS 


Belden Manufacturing Co., 
Buren, og 44, Ill. 

Circle F Mi! . Trenton 
Cornish wie Co., Inc., 


4633 W. Van 
4, N. J. 
50 Church, New 


York 7. N. 
Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb. Ill. 


General Electric Co., Construction Mate- 

rials Div. Bridgeport 2 ’ 

Phalo Plastics Corp., 530 Boston Tpke., 
Shrewsbury, Mass. 

Koyal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products. 

CORES, REFRACTORY. See Ceramics. 

CORES, TRANSFORMER 

Acme Electric Corp., 356 Water, 
NY 

Lava 


Cuba 
American 
Tenn. 
Arnold Engineering Co.. Marengo, Ill 
Connolly & Co., Wallace E., P.O. Box 295, 

Menlo Park, Calif 

General Ceramics Corp., Keasby, N. J. 

Indiana Steel Products Ce., Valparaiso, 
Ind. 

Megeatic Metals Co., Hayes Ave. at 21st, 
Camden 1, } 

Magnetics, Inc., Box 391 Butler, Pa. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Stackpole Carbon Co., St. Marys, Pa 

Thomas & Skinner., Inc. 1114 E. 23rd 
Indianapolis 7, Ind. 

Westinghouse Electric ‘orp., Gateway 
Center, Bldg, No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


Corp., Chattanooga 5, 


COUNTERS. See also Instruments, Elec 
tronic; Relays 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 
Calif. 

Boesch Manufacturing Co., Inc., 
Conn 

Eagle Signal Corp., 202 20th, Moline, Ill 
Kellogg Switchboard and Supply Co., 
6650 8. Cicero Ave., Chicago 38, Il 
Production Instruments, Div. of General 
Controls Co., 8074 McCormick Bivd., 


Skokie, Ill 
Veeder-Root, Inc., Hartford 


COUPLINGS, CLUTCH. See Clutches 


COUPLINGS, FLEXIBLE 

Eaton Mfg Co. .Pynamatic pe . 8307 
Fourteenth Ave., Kenosha, W 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, IIL. 


Instruments, 
Richmond 3, 


Danbury, 


2, Conn 


“4802 W 


CRYSTAL DIODES. See Rectifiers. Semi 
conductor ; Transistors and Crystal 
Diodes 


CRYSTALS, QUARTZ 
RCA Electron Tube Div Radio Corp 
of America, Harrison, N. J 

DELAY LINES. See 
nents. 

DIAL LIGHT ASSEMBLIES. See Lights 
Pilot and Indicator. 

DIALS and PANELS 

Helipot Corp., Div, of Beckman _Instru 
ments, Inc., P.O, Box 458, Newport 
Beach, Calif. 


DIE CASTINGS. See Castings, Die 


Computer Compo 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 


DIE-SETTING TOOLS 


Wales-Strippit Co., 222 Buell Rd., Akron, 
N. ¥ 


DIES, PRECISION, LAMINATION ETC. 


Cleveland Tool and Die Co., 1620 Eddy 
Rd., Cleveland 12. Ohio 
Electric Products, Inc., 1740 


Sylvania 
New York 19, N. Y. 


Broadway, 


DIODES. See Rectifiers, Semiconductor; 
Transistors and Crystal Diodes. 


a RS 0 _— and 
MATE 

Filmsort Co., Ae River, N. ¥ 

Keuffel & Esser Co., Hoboken, N. J, 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y. 


onary ine REPRODUCTION 
ACHINES 


fi A Div. of General Aniline & Film 
Corp., Johnson City, N. ¥ 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives, 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, is. 
General Electric Co., Apparatus Sales 

I I 
? Engineering Co., 
279-A, Cleveland 17, io 
Electro-Devices, 
Paterson, N. J. 
Westinghouse r Corp., Gateway 
Center, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 
DUCTS, WIRING (Control Panel) 
Spaulding Fibre Co.. Inc., Tonawanda 
XN, ¥ 
Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich, 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 
DYNAMOMETERS 


Chatillon .. aye John, 85 Cliff, New 
York 38, N, Y. 
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Dependable Consistency of 
GENERAL PLATE 
TRUFLEX THERMOSTAT METALS 
Enables COOPER to Give 
Liberal Warranty 








The new MEAT CHEF Thermometer by COOPER, featuring the exclusive 
VISI-DOME DIAL, helps people cook any meat to perfection with ease. 

To insure accurate register of roasting temperature Cooper Thermom- 
eter Company specifies and uses General Plate Truflex Thermostat 
Metals, from which they produce coils as shown in enlarged form at the 
left. Here’s what Cooper President, Horace R. Whittier, has to say about it: 

Truflex is unvaryingly uniform in operating characteristics, and this 
enables us to give the liberal warranty we print on each thermometer box. 

General Plate TRUFLEX is available in cut strips or long length coils to 
meet your needs, or can be furnished in formed elements or completed 
assemblies to meet the most exacting parts specifications. Either way you 
get accurate consistent performance with TRUFLEX because every repeat 
order is an exact duplicate of the original — dependably uniform in activ- 
ity, temperature range, electrical and corrosion resistance. 

To new or regular users of thermostat metal General Plate has much to 
offer we'll supply complete technical literature on TRUFLEX — help 
with parts design furnish calibrated samples. Our competent Field 
Engineers will gladly call at your request and show you how temperature 
change can be put to work in your products — no obligation. Write today. 








You can proftby wing | METALS & CONTROLS | CORPORATION 


General Plate Clad i hie 
Metals. General Plate Division (* ] 1909 Forest Street, Attleboro, Mass. 





FIELD OFFICES: NEW YORK * CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 


SEPTEMBER 1°58 Circle 318 on page 17 





ES) 


the time-tested world standard 


in resistance alloys 


Nichrome 


made only by Driver-Harris 


On August 11, 1908, the trademark NICHROME for 
Resistance Wire was registered in the United States 
Patent Office. 

Today, after a half century of world wide recogni- 
tion and use, Nichrome is still the accepted standard 
of quality in electrical resistance alloys. 

Of the 132 special purpose alloys now produced 
by Driver-Harris for the Electrical, Electronic and 
Heat Treating Industries, Nichrome is the most 
famous . . . and it is made only by Driver-Harris. 


_- TM, Registered U.S. Pat. Office 


HARRISON, NEW JERSEY ~ BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco * in Canada: The 8. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
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Eaton Mfg. Co., Dynamatic Div., 83vi 
Fourteenth Ave., Kenosha, Wis 
General Electric Co., Apparatus Sales 
Div., Schenectady 5. Be 
Robbins & Myers, Inc., Springfield, Ohio 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


ELECTRICAL SHEETS. See Steel, Blec- 
trical. 

ELECTRONIC COMPONENTS. See spe- 
cifie headings, 


ELECTRONIC TUBE 
(Bases, Caps, Lead-in 
ings, Welds, Ete.) 

American Lava 
Tenn. 


COMPONENTS. 
Wires, Stamp- 


Corp., Chattanooga 5 


ENAMELING SHEETS. See Steel, Com- 
Grades. 


mercial Forms and 


ENAMELS. 


| See Lacquers, Enamels 
Paints 


and Varnishes, Finishing. 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 


Conn 
Gasket Co., Plastics +9 


United States 
eae Garlock Packing Co., Camden 


FABRICS, INSULATING, (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 
Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, ete. also 
Tape and Sheeting, Synthetic Resin, 
Tubing and Sleeving, Braided Fabric. 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 
Harris Mfg. Co., 200 Barclay 
Conshohocken 2, P; 
Continental- Diamond ‘Fibre, A Sub. ef 
The Budd C Newark 13, Del. 
Cottrell Paper o., Inc., 88 Purchase, Fall 
River, Mass. 
General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
Gudebrod Bros. Silk Ce., Inc., 12 8. 12th, 
Philadelphia 7, Pa. 
Insulation Manufacturers Corp., 565 W. 
Mor ont ire, Chicago 6, 
Irvington Minnesota Mining & 
+ nae ML At Argyle Terrace, 
Irvington 11, N 
New York 16, 


om. J, 
am nville, Box 14, 
Joh Manville, Dutch Brand Preducts 
800 Woodlawn Ave., Chieago 19, Ill. 
Minnesota Mining & Mfg. Co., Electrical 
cts Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 
Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. 
New Jersey Wood Finishing Co., Elec 
trical Insulation Dept., Woodbridge, 


Vertes Corp., 504 W. coms Rome, N. Y. 

Westinghouse Electri Gateway 
Center, Bidg. No. 3 401 iberty Ave., 
Pittsburgh 30, Pa. 


FANS and BLOWERS 


Air-Marine Motors, Inc., Amityville, N. Y. 
Ashland Electric Products, Ine., 32-03 
Queens Bivd., Long Island City 4 N. Y. 
Diehl Manufacturing , Electrical oo 
of The Singer Manufacturing Co., 
erville, N. 
se Electric Mfg. Ce., St, 
Globe Industries, Inc., Dayton 4, Ohio 
a Co., 685 Lawrenee, Low- 
ell, Mas 


Lau | Co., 2027 Home Ave., 
h 


ton 7, 

Robbins & Myers, Inc., 
Springfield, Ohio 
Rotron Mfg. €o., Inc., 
bay 

. Conn. 


FASTENERS (Bolts and Nuts; Leck and 

ap Assemblies; Pins; Pre-assembied 

Washers and Screws; Recessed Head 
Serews; Rivets; Screws; Washers.) 


Louis 21, 


Day- 
Propeller Div., 


Woodstock, N. Y. 
Manufacturing Co., Torring- 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
( 


D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Captive Nuts 


ts (8) 
Nuts \ ompmaadl on) 


(™) 
Wing Nuts (W 


Aluminum Co, of America, 2241-J Alcoa 
Bidg., Pittsburgh 19, Pa. (4) 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y. (ABCDEFGS) 

Bristol Co., Socket \ easad Div.. Water- 
bury 20, Conn. 

Chase Brass & Capper Co., Sub. of Ken- 
necott Copper Corp.. Waterbury 20, Conn. 


(ABCF) 
Screw Co.. New Bedford, 


Continental 
Mass. (AB) 
Delron Co., Inc., 5224 
South Gate, Calif. (AC) 
Elastic Stop Nut Corp. of America, 
37-622, 2330 "nian 
N. J. (ACDEN 
Fischer Special 
Morgan, Cincinnati = 
Gries Reproducer 14 
. New Rochelle, PN. ¥. 


Southern Ave., 


Dept. 
Rd., Union 


Leenutestring Co., 446 


Ohio (AG) 
9 Beechwood 
(aw) 
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Groov-Pin Corp., 1128 Hendricks Cause- 
way, Ridgefield Park, N. (E) 


_-—% ag hg John, P. O. Box 2225, West- 


(F) 

Keystone Bolt & “Nut Corp., 127 Church, 
New York 7, fi we 

MacLan- a. ack Nut Co., 5535 N. 
Wolcott feago 40 (Cc 


Til. 
Milford Rivet & Machine Co., Milford 
Conn. (BF) 
National Co., Malden 48, Mass. (H) 
National Lock Co., Rockford, Ill, (4) 
Nutt-Shel, 811 Airway, Glendale, Calif 
icG) 
Palnut Co., Sub. of United-Carr pesos 
Cee. 66 Glen Rd., Mountainside, N. 


) 

a Kalon Div., 

gs aT me. Entin Rd., 
J 

Russell, "Burdsall - Ward * and Nut 
€o., Port Chester, N, Y. BF) 

Thompson-Bremer & Co., 
Machine & Foundry Co., 
Chicago 1, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688, 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp, Cambridge 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
cago 22, Ill. (8) 


General American 
Ciif- 


sub American 
221 N. LaSalle. 


Lock and Snap Assemblies. (Door Panel. 
Shelf Support and Mounting, etc.) 


Camloc Fastener Corp. 22 Spring Valley 
Rd., Paramus, N. 

Simmons Fastener . Broad- 
way, Albany 1, N. 


Pins — Cotter (F); 
(G); Spiral Coil ( 


Atlas Screw & er , Co., 
Yew York 13, N. Y. (FG) 
Chase Brass & Cop 
necott Copper 
Conn. (F) 
Elastic Stop Nut 
ae 622, 


. 1752 N. 


Ladies and Taper 
M) 


450 Broome. 


r Co., Sub. of Ken- 
rD., Waterbury 20, 


Corp. of America, Dept. 
2330 Vauxhall Rd., Union, 
J. (G) 


Growr-Pin Corp., 1128 Hendricks Cause- 
way, Ridgefield Park, N. J. (G) 


Pre-Assembled Washers and Screws 
Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N, 
Continental Screw Co., 
National Lock Co., 
pson-Bremer & Co. a " American 
Machine & Foundry Co., 520 N. Dear- 


born, Chicago 10, 
United-Carr Fastener Corp., Cambridge 
42, Mass. 


New some. Mass. 
kford. 


Recessed Head Screws 
Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y, 
Bristol Co., Socket Screw Div., Waterbury 
‘onn. 


Chase Brass & Capper, Co,, Sub, of be 4 


‘Corp., 
Repeats ey ay Corp., 127 Church, 
Milford Rivet & Machine Co., Milford 


Ann. 
National Lock Co., Rockford, UL 
Parker-Kalon Div., General American 
nn Corp., Entin Rd., Clif- 
Russell, Burdsall & wee Bolt and Nut 
Co., Port Chester, N. 
Standard Screw Co., at01 Washington 
Bivd., Bellwood, Ill. 
Thompson - Bremer & Co., Sub American 
Machine & Foundry Co., 520 N, Dear 
born, Chicago 10, Ill, 


Rivets 


Aluminum Co, of America, 
Bidg., Pittsburgh 19, Pa, 
Chase Brass & Copper Co., Sub. of Kenne- 


2241-J Alcoa 


cott Copper Corp., Waterbury 20, Conn. 

Chicago Rivet & Machine Co., 948 8. 
25th Ave., Bellwood 

Compinentsl Screw Co., New Bedford, 
ass. 

Deringer Metallurgical Corp., 8111 Mon- 
ticello Ave., Skokie, Tl. 

Gries Reproducer Corp. 149 Beechwood 
Ave., New Rochelle, N, 

Hassall, Inc., John, P.O, Box 2225, West- 
bury, L, I, N. Y. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. . 

Milford Rivet & Machine Co., Milford, 
‘onn, 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Thomson Mfg. Co., “Judson L., Dept. D. 
Waltham Si. Mass. 

Serews—Cap and Set, 
Tapping (J) 
Allen Manufacturing Co., 
Hartford 5, Conn, 
Aluminum Co, of America, 
Biig.. Pittsburgh 19, Pa 
Atlas Screw & Specialty Co., 
New York 13, N. Y¥ 


Automatic and Precision 
Co.. 252 Hawthorne 


Machine (H); Self- 
133 Sheldon, 
2241-3 Alcoa 

450 Broome 


Manufacturing 
Ave., ‘onkers. 


Bristol Co., Socket Screw Div., Waterbury 
20, Conn, (H) 
Chase Brass & Copper Co., 
an Copper Corp., 
) 


Sub. of Kenne 
Waterbury 20, Com 
I 
a __ Saw Co., New Bedford 
In 5224 Southern Ave 
Calif, (H) 
Hassall, Inc., "John, P.O. pes 2225, West 
bury. L, t. 
Hubbell, Tne., Harvey, Bridgeport 2, Conn 
mayors Bolt & Nut Corp., 127 Churrk 
New York 7, N. Y, ) 
Long-Lok Corp., 2018 Colorado Av 
Santa Monica, Calif, (1) 





TESTING 


. from components 
to complete systems 


ENVIRONMENTAL 
CLIMATIC 
CHEMICAL 
ELECTRONIC 
RELIABILITY 
NUCLEAR 
QUALIFICATION 
HYDRAULIC 
PNEUMATIC 
PHYSICAL 
METALLURGICAL 


Inland offers a complete range of testing 
facilities simulating the rugged conditions 
under which tomorrow’s components and 
products must perform. We welcome your 
challenge to design and perform special- 
ized tests. 


INLAND TESTING LABORATORIES 


OOK TECHNOLOGICAL CENTER 


Cc 
6401 OAKTON STREET, MORTON GROVE, ILL. 
1482 STANLEY AVENUE, DAYTON, OHIO 


OY 


1 4 
i” to 3" 


Easy To Open “f 
Snap Back in Shape! 


ASK FOR FREE SAMPLES! 


Specify Type and 


\ 


Circle 320 on page 17 


FOR FASTER ASSEMBLY 
WORK... 


wy LOOP-TYPE 


-1 PLASTIC 
CLAMPS 


Perfect insulators for mounting sin- 
gle or group wires, tubing, etc. . . 
unaffected by age, moisture, cor- 
rosion, shock, vibration. Use as a 
clamp, strain relief, clip, hanger, 
fastener, strap, etc. 


MILLIONS IN 
USE! 


call 


@ NYLON CLAMPS Strong, tough, durable and 
pliable. Do not support combustion. Tempera- 
ture ranges, —60° to +250° F. Thirteen loop 
diameters, 1/8” to 1". Larger sizes coming! 

@ ETHYL CELLULOSE CLAMPS For genera! use. 
Tough, lightweight, durable and pliable. Tem- 
perature ranges, —60° to +175°F. Twenty- 
Two loop diameters, 1/8” through 3”. 

@ SARAN CLAMPS Very pliable and non-burning 
material . . Temperature ranges, —40° to 
+150°F. Seventeen loop diameters, 1/8” 
through 1-1/4”. 


MAIL TODAY FOR 1958 "Hi" CATALOG 


NAME 





FIRM 





Sizes 
ADDRESS 


CITY 








HOLUB INDUSTRIES, Inc. 
145 ELM STREET > SYCAMORE, ILLINOIS 


Circle 321 on page 17 319 





ELECTRICAL PORCELAIN 


Called “TOPS” By Every User! 


MADE BY DRY PROCESS METHOD 


To your 
blueprints 
and 
specifications 


New Jersey 
PORCELAIN 


COMPAN Y 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 


Circle 322 on page 17 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 


at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 
America’s leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 


43) 


EAST 164 ST., NEW YORK 56, N.Y 


Circle 323 on page 17 





Milford Rivet & Machine Co., Milford 
Conn. 
., George W, 85 Beaver, Wal- 
. Mass. (H) 
National Lock Co., Rockford, Il. (J) 
Parker-Kalon Div., General American 
ene Eee. Entin Rd., Clif- 
. a { ) 
Burdsall & Ward Bolt and Nut 
Port Chester, N. Y. 

Screw & Manufacturing Co., 112 
Main, Bartlett, Ili. (H) 
Standard Screw Co., 2701 
_ Bivd., Bellwood, Ill. (H) 
United-Carr Fastener Corp., 

42, Mass, (HJ) 


Washington 


Cambridge 


Spacers 

Delron Co., Ine., 5224 Southern Ave., 
South Gate, Cailf. 

Washers—Fiat (K); Lock and Spring (L) 
Atias Screw & Specialty Co., 450 Broome 
New York 13, N. Y. (KL) 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn, 

Chase Brass & Copper Co., Sub 
necott Copper Corp., 
Conn, (KL) 

Continental Sc . New 
Mass. (KL) 

Cosmo Plastics Co., 
land 9, Ohio (K) 
Delron Co., Inc., 5224 Southern Ave., 
South Gate, Calif. (Washer-Nuts) 

Garrett Co., Inc., George Torresdale 
Ave. at Tolbut, Philadelphia 36, Pa 
(KL) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y, (KL) 
National Lock Washer Co., 
Newark 5, N. J. (L) 
Painut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N, J. 


of Ken- 
Waterbury 20, 


Bedford, 
3239 W. 14th, Cleve- 


40 Hermon, 


(L) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Thompson-Bremer & Co., Sub, 
Machine and Foundry Co., 228 
Salle, Chicago 1, Ill c 

United-Carr Fastener Corp 
Mass. (L) 


American 
N. La- 


L) 
, Cambridge 42, 


FELT 

Continental Felt Co., Ince., 
15th, New York 11, N. Y. 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, IIL. 


22-26 West 


FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing) 
Continental-Diamon@ Fibre, A 8S 
The Budd Co., Newark 13, Del. 
Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, IIL 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 
Spaulding Fibre Co., Inc., 
N. Y¥. 


(Board, Sheet, 


ub, of 


Tonawanda, 
Taylor Fibre Co., Norristown 37, Pa. 


West Virginia Pulp and Paper Co., 230 
Park Ave.. New York 17. N Y 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div., Chrysler Corp., Detroit 31, 


Mic 
Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il, 


FILTERS, RADIO 

Audio Development Co., 
Minneapolis 7, nn, 

General Electric Co., 
Div., Schenectady 5, N, Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


Tobe Deutschmann Corp., Norwood, Mass. 
United Transformer Co., 150 Varick, New 
York 13, N. Y. 


2836 13th Ave., 


Apparatus Sales 


FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and ‘arnishes, Finish- 
ing. 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compensa- 
tors, Contre! Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
Instrument and Radio; also Capacitors. 

Arrow-Hart & Hegeman Electric Co.. 103 
Hawthorne, Hartford 6, ‘onn, 

Chicago Standard fransformer Corp., 3501 
Addison, Chicago 18, IIL 

Circle F Mfg. Co., Trenton 4, N. J. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 

Sola Electric Co., 4633 W. 16th, Chicago 
50, Ill 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N, ¥ 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


FOOT SWITCHES. See Switches 


FORGINGS 

American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 


FREQUENCY METERS. See Instruments. 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Burndy 
Conn, 

Bussmann Mfg. Div., McGraw-Edison Co., 
: Louis 7, Mo. 

—— Industries, Inc., 445 Elm, Sycamore, 
iL. 

lisco Corp., Dept. F-4, 4730 
Rd., Cincinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg, Corp., 
Chicago 24, Ill 

Multi Electric Mfg, Co., 4227 W. Lake 

Ill 


Chicago 24, 
Sherman Manufacturing Co., H. B., Bat- 
Detroit 11, 


Corp., Omaton Div., Norwalk, 


Madison 


tle Creek, Mich 
Square LD Co., 6060 Rivard, 
Mich 


FUSES 


Burndy Corp., Omaton Ditiv., Norwalk, 
Conn 
Bussmann Mfg 
: Auis 7, 
General Electric Co., 
Div., Schenectady 5, q 4 
Royal Electric Corp., Pawtucket, R. I 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Div., McGraw-Edison Co., 
lo 


Apparatus Sales 
os 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 


Weston Electrical Instrument Corp 
514 


sub. of Daystrom, Inc., Freling 

huysen Ave Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il. 


GALVANOMETERS. See Instruments, 


GAS GENERATORS, 
INDICATORS 

Engelhard Industries, Inc., 
113 Astor, Newark 2, N 


PURIFIERS and 
Chemical Div., 
J 


GASKETS 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn, 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, Il 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Electro Tee South 


Corp., Hackensack, 


Johns-Manville, Box 14, New York 16, 
hns-2 


United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N 


? J. 
Western Felt Works, 4021-4139 Ogden 
ve., Chicago 23, IIL. 


GEARMOTORS. See Motors. 


GEARS and PINIONS 

Amplex Div., Chrysier Corp., Detroit 31, 
Alich, 

Beaver Gear Works, Inc., 1035 Parmele, 
Rockford, Ll, 

Continental-Diamond Fibre, A Sub. of 

The Budd Co., Newark 13, Del, 

Gear Specialties, Inc., 35 W. Medill 
Ave., Chicago 47, Ill, 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Merkle-Korff Gear Co., 211 N. Morgan, 
Chicago 7, Ill. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Iil 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 

Westinghouse Electric hy Gateway 
Center, Bidg. No. 3, 401 berty Ave., 
Pittsburgh 30, Ps 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, LAvingston, N, J. 

General DBlectric Co., Apparatus 
Div., Schenectady 5, } r. 

Genera] Electric Co., Electronics 
Electronics Park, Syracuse 1, N. 
oward Industries, Inc., 1720 
Racine, Wis. 


GERMANIUM DIODES. See Rectifiers 


Semiconductor; Transistors and Crysta) 
Diodes, 


Sales 
Div., 
State. 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of 
Budd Co., Newark 13, Del. 
Electric Co., Laminated Products 
., Coshocton, Ohio 
Mycalex Corp, of America, Clifton Bivd., 
Clifton, N. J, 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 

Hermaseal Co., 1010 Main, Elkhart, Ind 
(Tubes) 

GOLD, ROLLED (Pilate and Wire) 


Engethard Industries, Inc., Chemical Div., 
118 Astor, Newark 5, N. J. 

General Plate Div., Metals & Controls 
Corp., 1909 Forest, Attleboro, Mass, 

Handy & ees, 82 Fulton, New York 
38, N. Y, 


GRAPHITE. See Carbon and Graphite. 
GREASE, BEARING 


Corning Corp., 
(Silicone) 


Midland, Mich. 


ELECTRICAL MANUFACTURING 





When buying aluminum for your product — 


AERIALS 


CONDENSER COILS 


foes cape Saba 
SMALL APPLIANCES 


Remember... 
Every mdustry has one member who 
specral izes mn customer satisfaction 


Your Inventory Control of aluminum coiled sheet can be virtually 
automatic when you specify Anaconda. Our policy of custom rolling 
all orders to customers’ specifications, coupled with extremely flex- 
ible production facilities, assures you prompt delivery at all times. 


Precision production controls further assure that your Anaconda 
Coiled Sheet is the finest you can buy. Modern rolling mills with 
X-ray gauge controls give you uniform thicknesses and consistent 
yield per pound. Uniformity of temper is maintained, order after 
order. Control of grain size provides maximum workability. High- 
speed slitters cut exact widths, precision edges. 


The Anaconda line includes gauges from .006’’ to .064’’; widths 
from %"' to 54’’; alloys: 1100, 1145, 3003, 3004, 5005, 5050, 5052, 5357. 


‘ , ‘ Made by Cochran Foil Corporatio 
And watch for an expanding line of wrought aluminum products. id <i “ 


LOUISVILLE, KENTUCKY 
For action, call our nearest District Sales Office or contact us A SUBSIDIARY OF THE ANACONDA COMPANY 
direct. For the new booklet, ‘“Anaconda Aluminum Coiled Sheet’, 


write Dept. E-9, 1430 S. 13th St., Louisville 10, Kentucky. 
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NEW 
MINIATURE 
AGASTAT* 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 

reset time—less than .020 seconds 

UNAFFECTED BY VOLTAGE VARIATIONS . . . time deloy remains 
constant from 18 to 30 volts DC 

ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION ...for either energizing or de-energizing 
SMALL .. . height—454”. . . width-1,". . . depth—-14” 

LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 
This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 


miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications. 


For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-921. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenve, Elizabeth, New Jersey 
Pioneers in pneumatic timing 





Circle 325 on page 17 
= — a, 
7 e 
Screws 


by the 
7 tnillion 


ap une BACNET — 
. Moore makes them 








for all types of 
applications 
Whatever you make that re- 


Condensed Specifications 


Square | Socket 
Head Head 


Heodless 
Slotted 





quires a set screw ... standard Size dia.|#0to %"|#b6to %” F4 to %” 





or special . Moore can quickly 


and economically meet your re- | Lengths 








Keto3” ito 2%"| Ytol” 





quirements. 
Moore Set Screws are precision 


Points cup, oval, round, flat, 





made and quality controlled to 

assure exact ee. They 

fit into mass & roduction conaeahly 
ey 


Materials| steel, brass, bronze, stain- 
less, aluminum, alloy 


steel, monel 








techniques; are of £4 
hardness for long life; 

have accurate threads for secure 
locking action. double slot, knurled. 

When more set screws are Miniature Headless — 30, #1, 
needed think of Moore. Prices #2, #3, #4 sizes in a wide se- 
pt % -~ and you get = = lection of metals, finishes, lengths 

_. fast delivery. and points. 


Special Heads — milled, slabbed, 











OORE George W. Moore, Inc. 


SET SCREWS 85 Beaver St., Waltham 54, Mass. 


Circle 326 on page 17 


GRIPS and CLAMPS, STRAIN RELIEF 
i may Mfg. Co., Kenilworth 1, N. J. 
Walker Co., George, 118 Amsterdam Ave., 

Passaic, N. 
Weckesser Co., 
I} 


Highway, 
Chicago 30 ee 


5711 Northwest 
lL 


GYROS 
a ae Co., 1378 Main Ave., Clifin 


HARNESSES and ASSEMBLIES, WIRE 
Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 50, 
Belden Mfg. 
Chicago 44, Ill, 
— Wire Co., 


Van Buren, 
50 Church, New York 


Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, I), 
Electric Co., C ‘onstruction 

Div.. Bridgeport 2, Con 
Plastics © 530 cata Tpke 


Shrewsbury, } s 
-, 5939 N. 


Mate- 


Switchcraft, Elston Ave., 
Chicago 30, Ill 

HEADPHONES and HEADSETS 

1 an Electric Sales Corp., Northiake, 

Stromberg-Carlson, A Div. of 


Dynamics Corp., 117 
Rochester 3, N. Y. 


General 
Carlson = Rd., 


HEATING ELEMENTS and UNITS 
Anderson Controls, Inc., 9959 Pacific Ave., 


Franklin Park 1. 
1264 St. Paul Ave.. 


Ii 

Cutler-Hammer, Inc., 
Milwaukee 1, 

Driver Co. Wilbur’ B., 1875 McCarter 

Newark 4, N. J 

Jeneral c Co., Apparatus 
Jiv., Schenectady 5, Y. 

Still-Man Manufacturing Corp. 429-33 E 

New York N 
Electric Co. lecaeene 2. Mass 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 0. 

Westinghouse Electric Corp. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wiegand Edwin L. 
Bivd., Pittsburgh 8, Pa. 


Sales 


7530 Thomas 


HEAT LIMITERS 


Bussmann Mfg. Div., 
St. Louis 7, & 


McGraw-Edison Co., 


HERMETIC SEALS. 
minals, Hermetic. 


See Seals and Ter 


HIGH-FREQUENCY HEATING UNITS 
General Electric Co., ng AEparatus Sales 
Div., Schenectady 5, _ A 

Radio Receptor Co., me 
ane 240 Wythe Ave., 


Semiconductor 
Brooklyn 11. 


= Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa, 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys, 


HOLDERS, COMMUTATOR BRUSH 
—— Molding & Mfg. Co.. Gurnee 96, 


seenies Corp. of America, Clifton Blvd., 
Clifton, N. J._ (Glass- <r Mica) 

Phoenix Electric ate. Co., 4211 W. Lake, 
Chicago 24, 


IMMERSION HEATER UNITS. See 
Heating Elements and Units, 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds. 


INDUCTION HEATING. See High-Fre- 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps, Incan- 
descent and Infra-red. 


INSTRUMENTS. ELECTRICAL MEAS- 
URING AND TESTING 

———¥- & Sons, John, 85 Cliff, New 

» & 

wn Co., 536 W. Mt. 
Route 10, Livingston, 

Electro Products Laboratories, Inc., 4501 
N. wenswood Ave., Chicago 40, Ill. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N.Y. 

Helipot Corp., Div. of Beckman Instru- 
ments, ae. P. O. Box 458, Newport 
Beach, Cal 

Hennig, Gerhard R., 157 S. Morgan Bivd., 
Valparaiso, Ind. 

55 (OE. 


Industrial 

llth, New 
Pneumatic Co. Inc., Holtzer- 
Div., 125 Amory, Boston 19, 


National 
Ci 
88. 
Phaostron Instrument & Electronic Co., 
151 Pasadena Ave., South Pasadena, 


70-31 84th, 
Glendale 27 | 4 
Radio Corp, of America, Dept, 0-44, 
eon 15-1, Camden J. 


Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 
Westinghouse Electric Corp., Gateway 
Center, Bidg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, 
Weston Electrical 
sub. of Daystrom, 
huysen Ave., Newark 
Wheeilco Instrument Div., 
Co., 1403 Rock, 


Pleasant Ave. 


Test Equipment Co., 
York 3, N. Y¥. 


Precision Apparatus Co., Inc., 


Instrument Corp A 
, 614 Fresiing- 


5, 
Barber-Colman 
Rockford, Ill. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 


Instruments 
Richmond 3, 


a 

Brush Instruments, Div. 
3405 Perkins Ave., 

Daven Co., 


of Clevite Corp., 

Cleveland 14, Onlo 

536 W. Mt. Pleasant Ave., 

Route 10, Livingston, N. J 

Dumont Laboratories, Inc Allen 
Bloomfield Ave., Clifton, N.J 

Hewlett-Packard Co., 4621M Page Mill 
Rd., Palo Alto, Calif. 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, 

Industrial Test Sanipment Co., 55 E. 11th, 

Burbank 


New York 3, ; 
Librascope, Inc., 40 E, 
Calif 
Magnetic Amplifiers, Inc.. 632 
Ave., New York 55, N. Y¥ 
Rede Corp. of “ease a 
5-1, Camden 
nahn Co., Iriustrial Div., 
Waltham 54, Mass 
Varian Associates, 
Alto 23. Calif 
Weston Electrical Instrument Corp., A 
sub, of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


Verdugo, 
Tinton 
N. 

Dept. 0-44, 
175 Wyman, 


Bidg 


Mestrumens Div., Palo 


INSTRUMENTS, LABORATORY 
STANDARD 
Chatillon & Sons, 
York, N. Y¥ 
Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40. lll 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 
Westinghouse Electric 
Center. Bidg. No 
Pittsburgh 22, P. 
Weston Electrical Instrument Corp 
sub. of Daystrom. Inc., or Frelinghuy 
sen Ave.. Newark 5 
Wheelco Instrument Div 
Co., 1408 Rock, Rockford, 


John, 85 Cliff, New 


Corp Gateway 
3. 401 Liberty Ave 


* ieee Colman 
TM. 


INSULATING MATERIALS. See follow 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics, Insulating 
Felt 
Fibre. Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating 

and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving, Braided Fabrie 
Tubing and Sleeving, Extruded Plastic 
Tubing, Paper 
Varnishes, Compounds and Resins, In- 
sulating 

Waxes and Compounds 


INSULATION, WIRE and CABLE 

(Ceramic and Synthetic 
— Lava Corp., 
Midland, Mich 


& Co., (Inc.), E . 
Polychemicals Dept. 
> 


Casting 


Chattanooga 5, 


rig "Corning Corp., 


2. Conn 
200 Bush, San 


Sprague Electric Co., 307 Marshall, North 


Adams, Mass. 


IRONS, 
Equipment 


ISOLATORS, VIBRATION 
See Mountings, 


SOLDERING. See Soldering 


and SHOCK 
Rubber and Synthetic 


JEWEL 
Lights, 


LIGHT 
Pilot and 


ASSEMBLIES. See 
Indicator 


JOINTS, UNIVERSAL 

Apex Machine & Tool Co., 1068 S. Patter- 
son Blvd., Dayton 2, Ohi 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Ill. 


KNOBS, CAPS and HANDLES 

Davies Molding Co., Harry, 
Wells, Chicago 10, inl, 

Midwest Molding & eo Co., 
r., Gurnee 96, Il. 

Rogan Brothers, 8027 N. 
Skokie, Ill. 


1428 N. 
128 Rotary 
Monticello Ave., 


LACQUERS, ENAMELS, PAINTS and 
VARNISHES, FINISHING 
Altes Research Products, Inc., 4004-06 

, Baltimore 5, Md, 
+ See Alcoa Bidg., 
a. 


-, _Midland, Mich. 
“(Bilicone Hesins and Varnishes). 
du t de Nemours =. &. 
Finishes Dept., Wilmington 98, “Del. 
Sherwin-Williams Co., General Industrial 
iv., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS and 
ASE (Sheet, Tube and Wire) 


mages Co. c, S., 320 Washington, Mt. 
Plate Div., Metals and Controls 
Corp., 1909 Forest, Attleboro, Mass 


Handy & Harman, 82 Fulton, New York 
88, N. Y. 
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If it’s precision you're after, 


call a Hoover Man 


Some people are exacting aboutevery- _ings for virtually every major indus- 


thing they do. Precisely the way we __ try in the country for 35 years. Why 
feel about Hoover castings—alumi- _ not try us out? Just get in touch with 
num and. zinc alloy ones, that is. _us and let one of our Sales Engineers 
We’ve been producing precision cast- give you the whole story. 


2) 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


1} Vaaa_a-..an in, Onta.io 


DIE CASTING » HOOVER 


SEPTEMBER 1958 Circle 327 on page 17 





Pvc All-Vinyl, Un- 
breakable heavy 
duty grip Caps, for 
> 2 or 3 wire applica- 
tions...dead front 
blades locked 


: in 
solid vinyl. 


pyc UNBREAK 


your pro 


duct better 
assembled to serve 
pre- 


BIT 


Send us specifi- 
cations and/or 
blueprint for our 
quotation on your 
power supply cord 
requirements. 


ROYAL ELECTRIC CORPORATION 


on associate of International Telephone and Telegraph Corporation 


PAWTUCKET RHODE ISLAND 
Manufacturers of WIRE ® CABLE * CORD SETS * FUSES * WIRING DEVICES 


324 Circle 328 on page 17 
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LAMINATED PLASTICS. See 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Magnetic Metals Co., Hayes Ave, at 
2ist, Camden 1, N, J. 

Magnetics, Inc., Box 391, Butler, Pa. 
Thomas & Skinner, Inc., 1114 E. 23rd, 
Indianapolis 7, Ind. 


Plastics. 


LAMPS, FLUORESCENT 

General Electric Co., Nela 
land 12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Park, Cleve- 


LAMPS, INCANDESCENT and 
INFRA-RED 

yeneral Electric Co., Cleve- 
land 12, Ohio 

Westinghouse Electric Corp... Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Nela Park, 


LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park. Cleve- 
land 12, 1io 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh %, Pa. 


LAMPS. MINIATURE 
cator) 

General Electric Co 
Dept Nela Park, Cleveland 12. Ohi 
Westinghouse Blectrie Corp Gateway 
Center, Bldg. No, 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


LAVA. 


(Pilot and Indi- 


Miniature Lamp 
o 


See Ceramics 


LAYOUT FLUID 
Dykem Co., 2303F N_ 11th, St 


Louis 6, 


LIGHTING FIXTURES 

Killark Electric Manufacturing Co., Van- 
deventer and Easton Aves., St. Louis 13 
Mo 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Cannon Electric Co., Dept. 500, 
Humboldt, Los Angeles , Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y. 
ere Co.. 44 Stewart Ave.. Brooklyn 


3209 


Drake Manufacturing Co., 1711 W  Hub- 
bard, Chicago 22. Ill 

General Electric Co., Miniature lamp 
Dept Nela Park, Cleveland 12. Ohio 
Hart Manufacturing Co.. 211 Bartholomew 
Ave.. Hartford 1. Conn 

Hetherington Inc., 1200 Elmwood Ave., 
Sharon Hill. Pa 

Johnson Co., E. F., 2331 

S.W., Waseca. Minn. 

Square D Ce.. 4041 N. Richards. Mil- 
waukee 12, Wis 


Secord Ave., 


LOCKNUTS and LOCK WASHERS 
See Fasteners 
LUBRICANTS 
Shell Oi! Co 
Y. ¥ 


50 W. 50th, New York 20, 
LUBRICATORS. OIL and GREASE 


Madison-Kinp Corp., 214 Waubesa 
son 10. Wis 


Madi- 


LUGS and TERMINALS 
AMP Incorporated, 5284 Eisenhower Bivd., 
Harrisburg, Pa 
American Brass Co., Waterbury 20. Conn 
Buchanan Electrical Products Corp., 225 
Route 22. Hillside, N. J. 
Burndy Corp., Omaton Div., 
Conn 
Cambridge Thermionic Corp., 453 Concord 
., Cambridge > ass. 
Manufacturing Co., 211 Bartholomew 
Hartford 1. Conn. 
Heyman Mfg. Co., Kenilworth 1, N. J 
Tisco orp... ept. F-4. 4730 Madison 
Rd.. Cincinnati 27, Ohio 
Johnson Ce., EB. F., 2331 Second 
S.W.. Waseca, Minn. 
Jones Div.. Howard B., Cinch Mfg. Corp., 


Chicago 24. Ill. 

Krueger & Hudepohl, 1043 Evans, 
cinnati 4, Ohio 

Maico Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Il 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

Rajah Co., 35 Verona Ave., Newark 4, 
N 


Norwalk. 


Ave.. 


Cin- 


Sealectro Corp.. 610 Fayette Ave., Mama- 
roneck, N, 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich 

& Betts Co. Inc., 28 Butler, 
beth 1. N 

Thompson-Bremer & Co.. Sub 
Machine & Foundry Co., 228 
Salle, Chicage 1. Tl 


American 
N. La 


MACHINES. See specific headings: 
Balancing; Coil Winding; Drafting Re- 
production; Molding, Plastic; Rivet 
Setting; Serew Driving; Strippers, 
Wire; Vibration Test, 


MAGNETIC AMPLIFIERS 
Airpax Products Co., Fort Lauderdale, 


la. 
Berkeley Div. of Beckman Instruments, 
i, 2200 Wright Ave, Richmond 3, 
Calif. 


Control, Box 391, Butler, Pa. 

Fidelity Instrument Corp., 
Boundary Ave., York, Pa. 

General Electric Co., Apparatus Sales 
Biv., Schenectady 5, N 

Kearfott Co., Inc., 
Clifton, N. J. 

Magnetic Amplifiers, Inc., 632 Tinton 
Ave., New York 55, N. Y. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 
Westinghouse Electric Co 
Center, Bldg. No. 3, 401 

Pittsburgh 22, Pa 


1000 «iB. 


N, 
1378 Main Ave., 


Gateway 
berty Ave., 


MAGNETIC BRAKES. See Brakes, Mag- 


netic. 


MAGNETIC 
Electrical ; 
netic 
Metal 


MATERIALS. See Steel 
Magnets, Permanent; Mag- 
Recorder Components; Powdered 
Products 


MAGNETIC RECORDER COMPONENTS 

Driver Co., Wilbur B., 1875 McCarter 
Highway. Newark 4. N. J. 

Minnesota Mining & Mfg. Co., Electrica’ 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn (Tape) 

Stromberg-Carkson. A_ Div. of 
Dynamics Corp., 117 
Rochester 3, N. Y¥ 


General 
Carlson Rd 


MAGNETS, PERMANENT 

Arnold Engineering Co., 
(Magnetic Alloy Cores) 

General Electric Co.. Metallurgical Prod 
ucts Dept.. 11131 E. 8 Mile Ave... De 
treit 32. Mich 

Indiana Steel Products Co., Valparaiso 
m 

Thomas & Skinner Inc., 1114 E 
Indianapolis 7, Ind 


Marengo Ill 


23rd 


MAGNET WIRE. See Wire, Magnet 


MARKERS, IDENTIFICATION 
National Band & Tag Co., Dept. 
Newport. Ky 


y 
Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J. 


9-254 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre. A Sub, of 
The Budd Co., Newark 13, Del 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 


Spaulding Fibre Co., Inc., Tonawands. 
i oe 


MERCURY RELAYS. See Relays 
MERCURY SWITCHES. See Switches 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base 


METALS, PRECIOUS. See Gold; Lami- 
nated Metals; Platinum; Silver. 


METALS, RARE 


Fanstee! Metallurgical Corp., 
cago, 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 


North Chi- 


METERS, HOUR 

Haydon Div. of General Time Corp., 2531 
im, Torrington, Conn. 

Industrial Timer Corp. 


. 1411 McCarter 
Highway, Newark 4, N. J. 


ama. GLASS-BONDED. See Glass- 


nded Mica 


MICA, MOLDED and LAMINATED 
(Sheets, Pilate, Tape, Tubes, Rings. 
Segments, Washers, etc.) 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 

General Electric Co., Laminated Products 

Dept., Coshocton, Ohio 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Tl. 

Macallen Co., Bay Rd., Newmarket, N. H 


MICROPHONES 

American Microphone, Electronics 
Elgin National Watch Co., 370 8, 
Oaks Ave., Pasadena, Calif. 

General Electric Co., Apparatus Sales 
Div., Schenectady 1, N. Y. 


Div., 
Fair 


MICROSCOPES, INSPECTION and 
MEASURING 

Bausch & Lomb Optical Co., 84717 8 
Paul, Rochester 2, N. Y 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics: Mica; Plas 
tics; Rubber. 


MOLDING MACHINES, PLASTIC 


Automatic Molding Machine Co., Sub 
jagner Brothers. Inc., 400 Midland 
Ave., Detroit 3, Mich. 

Moslo Machinery Co., 2448 Prospect Ave 
Cleveland 15, Ohio 


MOLYBDENUM—(Sheet and Wire) See 
also Contacts. 


Fanstee] Metallurgical Corp., North Chi- 
cago, 5 

a Co., Inc., P. B., Indianapolis 
6, Ind, 
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Nickelectric News 


a DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS LD 








Re AR oF ENDS Se ho 
Se ee 
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Magnetostriction of Nickel drives Deltime 
data storage unit. With these units some 
15 million bits of data could be handled in 
a 3x7x7 foot space, engineers estimate. 


Shock waves in Nickel «store”’ 
1500 tidbits of information 


MAMARONECK, N. Y.: Magnetostriction 
produces shock waves in Nickel that 
travel one foot in 63.24 micro-seconds. 
Deltime, Inc. uses this property of 
Nickel to build electronic delays. Their 
latest is a data storage unit that packs 
eleven 300-microsecond delay lines in a 
small space. Ten lines “store” 150 tid- 
bits of data each, the other “clocks.” 

Center rod of unit (shown with plas- 
tic cover to reveal detail) is structural. 
Nickel delay lines are concentrically 
located around rod. Diagram below 
shows schematic of a single line with 
associated pulses. 


Delay lines are Inco Electronic-Grade 
“A” Nickel, drawn fine and stranded to 
reduce eddy currents. Deltime engi- 
neers say Nickel combines large and 
efficient magnetostrictive response, 
minimum corrosion, excellent mechani- 
cal properties. Pertinent Literature: 
Inco Bulletin 127-B 
Circle 329 on page 17 





Five Nickel materials help push 
life of low cost timing relay 
above 100,000 contacts 


East ORANGE, N. J.: Low initial cost, 
reliability and long life are featured in 
a line of thermal relays (Red Line) 
now being made by G-V Controls, Inc. 
Relays are small, light, free of organic 
materials and glass. Units delay from 
0.1 sec. up to about 5 min... . or sense 
sustained changes in voltage or cur- 
rent. Instant reset circuitry is possible. 
Rated contact life is 100,000 makes and 
breaks at full load (5 amps at 125 


Nickel provides important 
properties in 33 of 36 metal parts 








6 


HEATING AND COOLING 
CURVES FOR TWO THERMAL RELAYS 


CRE, COROMMURE 


Increasing temperature differential 
Decreasing contact gap, no relay 


= 


STAINLESS STEER 


‘STAMLESS STEEL 


i a 


PURMAMICREL 


STAMAESS STER 


CAEL PUTE 











Cut-a-way of GV Red Line Timing Relay 
shows typical places Nickel-containing 
materials improve construction. 


volts, non-inductive AC). Points are an 
alloy of palladium-silver. 

Designers of the relays credit Nickel 
and alloys containing Nickel for many 
important design features. They state: 

*Electronic-Grade “A” Nickel in wire 
or ribbon form, used for 3 of the elec- 
trical conducting parts, is chosen for 
its combination of conductivity, ease of 
spot-welding, and resistance to oxida- 
tion. 

*Permanickel* age-hardenable elec- 
trically conductive nickel alloy is used 
for a spring which must not only retain 
its strength at elevated temperatures 
but must have good electrical conduc- 
tivity, too. 

“Type 304 Stainless Steel, a nickel- 
containing material, is used for 19 
structural parts. It was selected for 
corrosion resistance, for ability to spot- 
weld easily, for high and uniform ex- 
pansion with temperature change. It is 
this last characteristic which produces 
the basic action of relay. 

“Nichrome® V nickel-chromium alloy 
is used for heating-element windings 
which actuate the relay. This durable 
material was chosen for high resistiv- 
ity, for ability to withstand high tem- 
peratures, and for minimum resistance 
change with temperature—thus making 
relay operation independent of ambient 
temperature. 

“Eight parts made of alloys not con- 
taining Nickel are Nickel-plated for 
corrosion protection and appearance.” 
Pertinent Literature: Inco Bulletins 
T-15, 1 17-B ® Driver-Harris Co 


Circle 330 on page 17 





Mercury “trap” of Nickel winterizes fluorescent tube electrodes 
... helps stop end-dulling in freezing weather 


NORWALK, CONN.: Cold winters can 
often pull the sales punch of fluorescent 
signs. That is why Voltare Tubes, Inc., 
now puts out an electrode that over- 
comes migration of mercury vapor 





Se ae 
4 


New Everon Electrode . . . showing Nickel barriers 
thet control mercury in cut section of tube. 


4~. 





from hot to cold parts of tubes in freez- 
ing weather .. . stops dulling of light 
near tube ends. 

Trick is nickel barriers that trap 
liquid mercury but allow controlled re- 
lease of vapor to provide constant 
supply near electrode. 

Nickel (Electronic Grade “A”) re- 
sists damage from amalgamation and 
proved just right for these barriers 
. .. is easily outgassed. Nickel in the 
form of a thin layer coated on iron 
strips is also used for electrode cones 
...for its good outgassing and emission. 


Pertinent Literature: Inco Bulletin 51-B 
Circle 331 on page 17 





Metal that helps you catch buyers 


helps you catch big fish, too. 


The sales-building good 
performance and long 
life conferred by Nickel 
and nickel alloys on 
electrical products are 
conferred on fishing 
tackle, too. To have fun 
and, at the same time, 
become better ac- 
quainted with these 
metals...send for, “How to Catch Fish 
When They’re Not Biting.” In this Inco 
booklet, experts show you tricks they 
use to land more big fish with nickel 
alloy tackle. 


"Registered trademark 


4». 


INCO, THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5, N. Y. INCO, 


TRACE maRe 
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Stack mate 
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PORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 332 on page 17 


MOTORS 





Miniature Timing Motors, Geared 





Subfractional, Under 1/20 Hp. 





Fractional, 1/20, % Hp. 


ir) 
fo} 





Integral, 1 to 744 Hp. 





Integral, Over 744 Hp. 





Gearmotors 





Generators 


Low Voltages (Under 110) 











Dress Up Your Preducts 
with these 


NEW 
KNOBS 





Designed by Robert Podai 


teaturing metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea 
Send for details. 


ROGAN BROTHERS 


8027 K. Monticello * Skokie, Ill. 
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Air-Marine Motors, Inc., Amityville, 
N. Y. (B) 

Allis Co.. The Louis, Milwaukee 7, Wis. 
(KLNOQRUVYZ) 

Ashland Electric Products, Inc., 82-02 
yi Ti Bivd., Long Island City i, N. Y. 


Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co., 1803 Rock, Rockford, 
Ill. (BCEYZ) 

Bekey Electric Co., Inc., 1327 Main, Los 
Angeles 15, Calif. (E) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
12, Ill. (ABCDEFG HJQRTYZ&) 
Products Corp 601 W 26th, 
y NR. 2. ¢ 

Century Electric Co., 1806 Pine, St. Louls 

3. Mo. (FGKLNOPQRUVWYZ) 

Controls Co. of America, 9551 Soreng 

Ave., Schiller Park, Il 
Cramer Controls Corp., Box 8, Center- 


402 E. Gutierrez, P. O. 
. Santa Barbara, Calif. (U) 
Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., 
erville, N. J. (BCFHKNQYV) (Servo) 
Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg Wis, (FGKL) 

Eaton Mfg Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis. (FKN) 
Electric Specialty Co., 221 South, Stem- 
ford, Conn. (FGJKLMNOPUVWYZ) 
Eaygrson Eceric Mi. Co., St, Louis 21, 


FGJK 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, 
(BCDEFGHJK LMNOPQRSTU VWYZ&) 

General Industries Co., Dept. GL, Pilyria, 
Ohio (BQYZ) 

s Industries, Inc., Dayton 4, Ohio 

Cc) 

Hagen Mfg. Co., Inc., 202 Twentieth, 
Moline, Ill, (ABCDE) 

Hansen Menutecturing see Inc., Princeton 
3, Ind. (A 

ane Co., A W., 234 N. Elm, Water- 

y 20, Conn. (CXZ) 

Haydon, Div. of General Time Corp., 2531 
Elm, Torrington, Conn. (ABCXYZ) 
Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Helipot Corp., Div. ¢, Beckman _Instru- 
ments, Ine., P. O. Box 458, Newport 
Beach, Calif 


Holtzer-Cabot Motor Div., National Pneu 
ec Co., In 125 Amory. Boston 19, 
( ABCEFGHQU VYZ 
Industries, Inc 
, Wis. (ABCDEHGHGRTUVY?) 
Induction Motors Corp., 570 Main, West- 
bury, L. I., N. Y. (BE) 

Inland Motor Corp., Dept, B, 23 W 
Washington Ave., Pearl River, N. Y. 
Jerk & Heintz, Inc., 17620 Broadway, 

Cleveland 1, Ohio (FK) 
Janette Electric Mfg. Co., Morton Grove 
lll. (FGKLQRUV) 
Kearfott Co., Inc., 1378 Main Ave., Clif 
ton, N. J. (Servo) (UY) 
Lamb Electric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 
Master Electric Co., Div, of Reliance Elec 
and Engineering Co., Dayton 1, 
(FGIKL aan were Vw) 
Merkle-Korff Gear Co., 2 N. Morgan 
Chicago 7, Til. (ABCDEFGHJQRST- 


YZ&) 
21 sratins Co , 7 W. 24th, New York 
Y 


ete 2 and Coil Corp., 2482 W 
George, Chicago 18, Ill, (BE) 

Oster Manufacturing Co., John, Avionic 
Div., Racine Wis. (BCFGHUVY&) 
(Servo and Synchro) : 
Rae Motor Corp., 2009 Kewanee, Racine, 
Wis. (BCDFGHYZ&) 

— a & Engineering Co.. 
Dey 275 Cleveland avs Ohio 
(YGKLNOV) 

Reuland Electric Co., Alhambra, Calif 
(KNQ) 

Robbins & Myers, Ine., Motor Div., 
Springfield, Ohio (BCDEFGJKNU) 

Robertshaw-Fulton Controls Co., Acro 
Div., Wa 16, Ohio (B) 

Smith Corp., O., Electric Motor Div., 
Tipp City, Ointo ‘(FGKLNOQR) 

Sterling Eleetric Motors, Inc., 5401 Tele- 

Rd., Los Angeles 22, Calif 
(FKNQ) 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, 7“, 

Wagner Electric Corp., 
Ave., St. Louis 1 Mo. (FGKLNYZ) 

Westinghouse Electri onn., Gateway 
Center, Bidg., No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 


6454 Plymouth 





MOTOR CONTROLS and STARTERS. See 
Controllers, Motor; Push Button Sta- 
tions. 


MOTOR GENERATOR SETS 


Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn. 


MOTORS and GENERATORS. See Metors 
Table, 


mOUnTINGS, RUBBER and 
SYNTHETIC 

saciiaetae, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Iil. 


MOVEMENTS, CLOCK and TIMING 
.. A, W., 234 North Elm, 
Waterbury 20, Conn. 
of General Time Corp., 2531 
Elm, Torrington, Conn. 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn. 
(Cupro-Nickel) 

——. Steel Co., 115 W. Bern, Read- 
ing 

Chase Brass & Ome Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20, 


onn. 

Driver Co, Wilbur B., 1875 McCarter 
Highway, Newark 4 J. 
Driver-Harris Co., Harrison, N. J, 

Genera] Plate Div., Metals and Controls 
Corp., 1909 Forest, Attleboro, Mass. 

International Nickel Co., Inc., 67 Wall 


Ne ork 5, N. Y. 
Riverside- alloy Metal Div., H. K, Porter 
Cc Inc., Riverside, N. 1. 


0., 
Somers Brass Co., Inc., 110 Baldwin 
Ave., Waterbury, Conn, 


NICKEL-SILVER 
(Rod, Sheet, Tubing, wire) 
American wy Co., Waterbury 20, Lonn. 
Chase wy = & Copper Co., Sub. of Ken- 
necott Waterbury 20, 


n. 
Riverside-Al Metal Div., H, K. Porter 
Co., Inc., verside, N. J. 


NUTS. See Fasteners. 


OHMETERS. See Instruments. 
OILERS. See Lubricators, Oil and Grease 
OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments 
Electrenic; Recorders, Oscillographie 
Dumont Laboratories In« Allen B 760 

Bloomfield Ave., Clifton, N.J 
Apparatus Sales 
Div. > A 

Hewlett Packard. “Co. 4656M Page Mill 
Rd., Palo Alto, Calif. 

Hughes Products, Electron Tube Div., 
International Airport Sta., Los Angeles 
45, Calif. 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, J. 

Weston Electrical Instrument Corp., A sub 

aystrom, Inc., 614 Frelinghuyses 
Ave., Newark 5, N. 


PACKING. See Gaskets, 


PAINTS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


PALLADIUM. See Platinum and Piet 
inum Products. 


PANEL CONTROL UNITS 
Allen- gag 1316 8, Second, Mil- 
wa 


ee 4, 

Arrow-Hart & Hegeman Dlectric oa 103 
Hawthorne, Hartford 6, Conn 

Clark Controller Co., 1146 EB. 152nd, 
Cleveland 10, Ohio 

Cutler-Hammer ee. 1264 St, Paul Ave., 
Milwaukee 1, Wi 

Eagle Signal Corp., *202 20th, Moline, Ill. 

General Electric Co. > A Sales 
Div., Schenectady 5. 

Heinemann Electric Co., Noo Plum, Tren- 
U 


Richards, Mil- 


Ward Eek’ Electric Co., 84 South, 
Vernon, N. Y, 


Mount 
Westinghouse Plectric Corp., Gateway 
Center, Bi Fl 


dg. 3 8, 401 berty Ave., 
Pittaburgh 22, 


lice cane Div., Barber-Colman 
Ce., 1403 Rock, Rockford Ill, 
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New silicone-treated insulations 


break the cost barrier 


hs 


New Type 31 and Type 32 Quinterra sheet insulations offer 
unusually good electrical properties at reduced «osts. 


Johns-Manville introduces... 


Type 31 and Type 32 Quinterra—100% purified 
asbestos with high silicone resin content 


A combination of 1¢ °% purified asbestos 
sheet and high silicone resin content gives 
these new lower-cost electrical insulations 
unusually high performance character- 
istics for Class. H equipment. 


Quinterra, the basic material, is in itself 


a “‘lasting’’ dielectric sheet of highly puri- 
fied asbestos, with fibers tightly and uni- 
formly matted. New silicone treatment 
achieves an unusually high dielectric 
strength of 600 Volts/Mil for the first 
time in lighter calipers . . . with high 
retention of this dielectric strength after 
prolonged temperature exposure. 


Both types feature high tensile strength 
and low moisture absorption factor of 
about 2% after 24-hour immersion. 


SEPTEMBER 1958 


Type 31 Quinterra offers 
these additional advantages: 


- Two light calipers—3.5 and 4.5 Mils. 
. Extremely high 45-50% resin content in 


both calipers. 


- High (600 Volts/Mil) dielectric strength 


in both calipers. 


. High retention of dielectric strength after 


temperature exposure. 


Type 32 Quinterra offers 
these additional advantages: 


. New silicone resin for a combination of 


good electrical properties and superior 
saturating characteristics. 


Circle 334 on page 17 


. Three calipers—6.5, 9.5 and 15.0 Mils. 
. Range of dielectric strengths from 600 


Volts/Mil in 6.5 Mil caliper; good dielec- 
tric in 15 Mil. 


. Range of resin contents running from 


45-50%, in lighter caliper to 30% in 
the heavier 15-Mil sheet. 


For complete specification sheets, and 
samples of both these new low-cost 
Class H insulation materials, write 
Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont. 





SAVINGS MADE ON JUST I TOOL 


re) 
nails HAGEN Switch 


Set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count 
switch trips a switch after a preset number of electrical 
impulses . . . and thereby shuts down the machine auto- 
matically. Tool wear never reaches the point where tools 
must be ground down excessively to resharpen. That 
means increased tool life, reduced tooling costs and 
fewer rejects. Savings on just 1 tool usually more than 
pay for the count switch. Dials available with up to 
54,000 counts. 72 settings. 1% accuracy. Also ideal for 
pumps and metering operations, 


Manufacturing sieinnaii Inc. 
Moline, Ill. © Baraboo, Wis. 
Subsidiary of Eag/e Signal Corporation 


For free Bulletin 780, 
Address Dept. EM-958 


~emerme 


Circle 335 on page 17 


hme cele mal-\-1emr-| 
DIELECTRIC PAPER, 


MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


rolaal el i-34-Melabsclgeal-balolammn, agi 4— 


Oe i 


PAPER MILLS COMPANY 


Mosinee, Wisconsin 
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PANELS, DIAL. See Dials and Panels. 


PANELS, SHEET STEEL. 
Metal Fabricators adie 


PAPER INDUSTRIAL 

Cottrell Paper Ce. Inc., 
Fall Ri 

Mosinee Paper Mills Co., Mosinee, Wis. 

West Virginia Pulp and a ae Ce., 230 
Park Ave.. New Yerk 17, 


88 Purchase, 


PAPER, INSULATING 
Acme Wire Co., 1255 DixweH Ave., New 
Haven 14, Con 
Continental- Diamond Fibre, A Sub. of 
. Newark 13, Del. 
Inc., 88 Purchase, 


Plastics Dept., 


Insulation Manufacturers Corp., 565 W. 
w Blvd., Chicago 6, Ill. 

.. Minnesota Mining & 
Menufacturing Co., 9 Argyle Terrace 


11 
Jotun Banvtie ‘Bor “14, New York 16, 


Mosinee Paper Mills Co., Mosinee, Wis. 

a — Fibre Co., Wilming- 
ton 

Natvar Corp. 907 Randolph Ave., Wood- 
bridge, N. J, 

Spaulding Fibre Co., Inc., Tonawanda, 


West Virginia Pulp and Paper A ae 230 
Park Ave.. New York 17, N. 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 


Ozalid, A Div, of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER TRACING. See Tracing Cloth, 
Film and Paper. 


PERMANENT MAGNETS. See Magnets, 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20, Conn, 

eo & Co., Inc., P. R., Indianapolis 
6 nd. 

Miller Co., Meriden, Conn, 

Riverside-Alloy Metal Div 


Co., Inc., Riverside, N. 


PHOTOELECTRIC CELLS and TUBES 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Photo- 
electric Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N, Y. (Photoelec- 
trie Tubes) 

RCA Electron Tube Dir., 
of America, Harrison, 

Vickers Electric Div., 

St. Louis 


, H. K. Porter 


Radio Corp 
Vickers Inc., 1803 
2. 


PHOTOELECTRIC CONTROLS 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 
Weston Electrical Instrument Corp 
sub. of Daystrom, Inc., 614 ~ a 
sen Ave., Newark 5, N. J. 


PILLOW BLOCKS, See Blocks, Pillow. 


PINS, COTTER and LOCK. Sma 
Fasteners. 


Pi series, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS 


Ace Plastic Co., 91-64 Van Wyck Express- 
way, Jamaica 35, N. Y. 
a Insulator Corp.. New Freedom 
a 
36-36 36th, 
"306-1 Stack, 
"1808 Rock, Rockford, 
Resinite Dept., 


EXTRUDERS 


Plastics Oo, Inc., 
‘Tens Island City Y 
Manufacturing Co., 
Middletown, Con 
—" Colman Ca. 


Borden Co., 
bara, Calif. 

Chicago Molded Products Corp., 1024 
North Kolmar Ave., Chicago 51, Ill 

Continental-Diamend Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 


a . Ohio. 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 

Davies Molding Co., Harry, 1428 N 
Wells, Chicago 10, Ill, 

General WMectric Co., Plastics Dept 
Decatur, Ill. 

Gries Reproducer Corp. 149 Beechwood 
Ave., New Rochelle, N.Y. 

Irvington Div., Minnesota Mining & 
Manufacturing ae: 9 Argyle Terrace, 


Irvington 
Midwest Molding & Mfg. Co., 123 Rotary 
9 
, Wilming- 


r., Gurnee 
Natienal Vulcanized Fibre Co. 
99, Del. 
D P sa Randolph Ave., Wood 
N. 
Northern Plastics Corp.. 2nd & Market, 
La Crosse 5, Wis. 
Phalo Plastics Corp., 
Shrewsbury, Mass. 
Rogan Brothers, 3027 
skokie, Ill 


Santa Bar- 


580 Boston Tpke., 
N, Monticello Ave., 


Rostone Corp., 2405 8, Concord Rd., La- 
fayette, Ind 

Spaulding Fibre Co., Inc., Tonawanda 
Sylvania Electric Products, Ine., 1740 
Broadway, New York 19, N. Y 
Synthane Corp., 17 Hiver K (mks, Pa 

Taylor Fibre Co., Norristown 37, Pa 

United States Gasket Co., Plastics Div. of 
ze Garlock Packing Co., Camden 1, 


J 
wieneieines Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


PLAST IG ae. SNe. LAMINATING, 

ASTING and EXTRUSION 

COMPOUNDS 
Alkyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Epoxy Resins (U) 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde 
Methacrylate 


Phenolics 

Plastisols, Vinyl 

Polyethylene 

Polyester Resins 

Silicone Resins 

Styrenes 

Urea Formaldehyde 

Vinyl Acetal 

Vinyl Alcohol 

Viny! Chloride 

Viny1-Chioride- 
Vinylidenechleride 

Vinyl Chloride Acetate 

Vinylidene Chloride 


American Cyanamid Co., Plastics and 
33D Rockefeller Plaza, 


Y. (CQJ) 
Chemicals Div., 

Wilmington 

Barrett Div., 
Corp., New 

Borden Co. 
bara, Calif 

Dow Chemical Co., Midland, Mich. (F) 

Dow Corning Corp.. Midland. Mich. (8) 

duPont deNemours & Co., (Inc.), E. 1. 
Plastics Div., _Polyc chemicals Dept 
Wilmington 98, Del, (ADGKLPR) 

Durez Plastics Dir.. Hooker Chemical 
Corp., 1309 Walck Rd., N. Tonawanda, 
N. Y¥. (E) (Casting Resins) 

Epoxy Products, Inc., A Div, of Joseph 
Waldman & Sons, 137 Coit, Irvington 
11, N. J, (U) 

FMC Organic Chemicals Div., Food Ma- 

Chemical Corp., 161 E. 
4 ? York 17, N 

General Electric Co. 
Decatur, Ill 

Houghton Laboratories, Inc., Olean, N. Y. 
(v) 


Chemical and Dye 
Y. (T) 


Resinite tA , ped Bar- 


(xX) 
Plastics Dept., 


insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, III, 

Konpers Co. Inc.. Chemical Div., Koppers 

Pittsburgh 19, Pa. 
Chemical Div. of Borg-Warner, 
. Ind. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn 

Plastics Engineering Co., 1607 Geele Ave., 
Shebovgan, Wis. (E) 

Rogan Brothers, 8027 N. Menticelle Ave.. 
Skokie, Ill. (CEJ) 

Rostone Corp., 2405 S. Concord Rd., La- 
fayette, Ind. (a) 

Shell Chemical Corp., Chemical Sales Div., 
386 Madison Ave.. New York 17, N. Y 


(Uv) 

United States Gasket Co., Plastics Div., 
of The Garlock Packing Co., Camden 1, 
N. J. (P) 


PLASTICS, SHEETS, RODS and TUBES 
AMP Incorporated, Chemical & Dielectrics 
Div., 155 _ Elizabethtown, Pa. (Di- 
electric Shee 
Borden Co 
bara, Calif 
Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 
Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del, 
Dilectrix Corp., fe Bivd., 


Resinite Dept., Santa Bar- 


Farming- 


y Products, Inc., A Div. of Joseph 
Waldman & Sons, 137 Coit, Irvington 
11, N. J 

General Electric Co., Laminated Products 
Coshocton, Ohio 
Electric Co., 
Ih 
Houghton Laboratories, Inc., Olean, N. Y. 
Insulation Manufacturers Corp., 565 y 
Washington Bivd, Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1, N. 
National — Fibre Co., Wilming- 
ton 99, De 
Northern Plosites Corp., 2nd & Market, 
La Crosse 5, Wis 
Spaulding Fibre Co., Inc., 
N 


Plastics Dept., 


Tonawanda, 


Taylor Fibre Co., Norristown 37, Pa 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts 
Brainin Co., C. S., 318 Washington, Mt. 
Vernon, } Y 
Englehard Industries, Inc., Baker Plati- 
m 113 Astor, Newark 5, N.J. 
General Piate Div., Metals and Controls 
Corp., 1909 Forest, Attleboro, Mass, 
Handy & Harman, 82 Fulton, New York 
33. Xx. ¥ 
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...for as little as $148.50 
New K&E Paragon Auto-Flow 
gives you faster, easier drafting 5 ways... 


The first time you use it, you'll know 
that K&E’s light-weight Paragon® A uto- 
Flow™ Drafting Machine isa truly great 
advance in working ease and range. 
Here are 5 specific reasons why. 


it's more versatile. Stays in perfect bal- 
ance at any board angle, from vertical 
to horizontal. No adjustments needed, 
except a simple turn of a tension spring 
wheel for angles below 15 degrees. 


it’s more compact. The balance is built 
right into the machine itself. There’s no 
need for counterbalances that project 
over the top of the board. 


it’s better made. Glides smoothly and 
easily on finely-ground, stainless steel 
rails with K&E precision and quality in 
every detail. 

It’s more adaptable. You get a full sweep 
of every size of board. 


It’s far easier to use. The scales move 
smoothly, at the slightest touch. Long 
lines up or across can be drawn in a 
single motion. Scales lock in place to 
eliminate “drift”. Greater rigidity pre- 
duces truer lines. 


The 30” by 40” Auto-Flow costs only 
$148.50... the 36” by 60” only $160. 
All standard sizes; left-hand models 
available. Mail coupon for details. 26s 
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Company & Address: 


KEUFFEL & ESSER CO. Dept. EM-9, Hoboken, N. J. 


(Please send information on the new K&E Paragon Auto-Flow. 


C) Please arrange a demonstration for me. 
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LOW-COST MODULAR 


PLUG & RECEPTACLE 


Provides from 3 to 30 polarized 
circuit combinations. 
Fast, easy assembly. 
Terminals automatically crimp to 
wires and snap-lock into modules. 
e Flexible spring-clip mounting. 
e Available in phenolic or polyester 
—up to 10 amp capacity. 
Let us solve your circuit or wiring 
problems. Complete engineering and 
production facilities available. 


Literature 
on request 


Write today for complete information. 


MOLEX PRODUCTS COMPANY 


9519 Southview Avenue - Brookfield, Illinois 


Circle 338 on page 17 


2 ynew3 Porous Ceramic Bodies 


Here’s the answer to a need for not one. . 
but TWO new porous ceramic bodies which 
permit a wide latitude of material appli- 
cation. 


VAPORLAIN for applications 
where it is necessary to retain moisture for 
gradual release. Made from a special clay 
that is highly porous yet strong enough to 
retain its molded shape. Available unglazed 
or glazed in a variety of colors. 


#7023 CAPILLARY BODY... 
an unusual ceramic composition having 
low thermal expansion and a uniform dis- 
tribution of relatively large pores. Excel- 
lent for rapid filtering of gases or liquids. 
Write for additional details. Ask for 
Catalog 57 and allied engineering data. 


porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 


the 


Circle 339 on page 17 
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PLIERS an@ CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill 


PLUGS and JACKS, COMMUNICATION 

Audio Development Co., 2836 13th Are., 
South Minneapolis 7, Minn, 

Switchcraft, Inc., 5539 N. Elsten Ave., 
Chicago 30, Ill. 


PLUGS and RECEPTACLES 

Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 50, 

Arrow-Hart & Hegeman Blectric Co., 103 
Hawthorne, Hartford 6 

Automatic Electric Sales Corp. North- 


4633 W. Van Buren, 
Cannon E “Co., Dep 500, 3209 
Humboldt, Los Angeles “Si, Calif. 
Circle F Mfg. Co., Trenton 4, N, ‘ 
Coostentin & Co., L, L., Route 46, Lodi, 
N, J. 

Cornish Wire Co., Inc., 50 Church, New 
ork 7, N. Y. 

Crouse-Hinds Co., Syracuse 1, N. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2 

Hart Manufacturing Co., 211 ) — 
Ave., Hartford 1, Conn 

Hubbell, Inc., Harvey, Bridgeport 2, Conn. 

Johnson Co., E, ‘ _ Second Ave., 
8s. W. Waseca, Min 

Jones Div., Howard 3. Cinch Mfg. 
Chicago 24, Ill 

Molex Products Co., Brookfield, Ill. 

Royal Electric Corp., Pawtucket, R. L 

of General 
Carlson Rd., 


Corp., 


Stromberg-Carison, A, Div 
Dynamics Corp., 117 
Rochester 3, N. Y, 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Ill, 


PORCELAIN. See Ceramics. 


POTENTIOMETERS. See also Rheostats. 
Allen-Bradley Co., 1316 8. Second, Mil- 
vis. 


waukee 
Bourns Laboratories, P, O. Box 32112 
Dover, N, H. 


Riverside, 
Clarostat 
Daven Co. . Mt’ Pleasant Ave., 
Route 10, Livingston, N., 
Helipot Corp., Div. of Beckman Instru- 
Inc.. P. 0. Box 458, Newport 
, Calif. 
International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 
Kintronic, Div. Chicago Aerial Industries, 
Inc., a Hawthorne Ave., elrose 


Park, 
Ohmite Manufacturing Co., 3613 Howard, 
Ill, 
of Hard- 


Skokie, 
Rattray & Co., George, A Div. 
wick, Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, 2 Y 
Stackpole Carbon Co., Marys, Pa. 
Weston Electrical "Sh Corp A 
sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J. 


POTS and LADLES, MELTING 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y, 
Vulcan Electric Co., Danvers 2, 


Mass. 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Centacts. 

Amplex Div., Chrysler Corp., Detroit 31, 
Mich 

Bunting Brass and Bronze Co., Toledo 1, 
Ohio, 

Gibson Electric Co., Old Wm 
Highway, Delmont, Pa. 

Mallory & Co., Inc., P. R., Indtanapolis 6, 
nd, 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, (Iron Cores) 

Stackpole Carbon Co., St, Marys, Pa 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 


Penn 


POWDERS, METAL 

Handy & Harman, 82 Fulton, New 
38, N. Y. 

New Jersey Zinc Co., 
York 38, N. Y¥. (Brass, 
per and Zinc) 


York 


160 Front, New 
Bronze, Cop- 


POWER SUPPLY UNITS 

Electronic Research Associates, Inc., 67 

Factory Pl., Cedar Grove, N. J. 

Electro Products Laboratories, Inc., 4501 

N. Ravenswood Ave., Chicage 40, Il. 

Fidelity Instrument Corp... 1000 BE. Bound- 
‘ine., 


ary Ave., 

Kepeo Laboratories, 131-88 Sanford 
Ave., Flushing 55, N. Y. 

Mallory & Co., Inc., P. R., Indianapolis 
5 a. 

N. J. E, Corp., 341 
Kenilworth, N. J. 

Sola _— Co., 4633 W, 

50 


Carnegie Ave., 
16th, Chicago 


Texas a Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


at +h and DRIVES, VARIABLE 
308 N, La- 


Ill, 
4802 W. 


a es a ET Co., 
vergne Ave.. Chicago 44, Il 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill 


PUMPS 


Robbins & Myers, Inc., 
Springfield, Ohio 


Pump Div., 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn, 

Automatic Electric Sales Corp., North- 
lake, Ill, 

Clark Controller Co., 1146 E. 152nd, 
Cleveland 10, Oh 
Crouse-Hinds Co., 
Cutler-Hammer Ine. 
Milwaukee 1, 
Furnas Electric on 


Syracuse 1, N. Y. 
1264 St. Paul Ave., 
“1024 McKee, Batavia, 


Il 
General Electric Co. 
Div., Schenectady 5, 
Micro Switch, A Div. 
port, Ill. 
National Acme Co., 
land 5, Ohio 
- — Condenser Co., Control Div., 


x as Salet 


of Honeywell, Free- 


176 E, 131st, Cleve- 


Cam- 
m....- D Co., Richards, Milwau- 
kee 12, Wis. 
Stromberg-Carlson, A Div 
Dynamics Corp., 117 
Rochester 3, N. Y 
Ward Leonard Electric Co., 34 
Mount Vernon, , 
Westinghouse Electric 
Center, Bidg. No. 3, 
Pittsburgh 30, Pa. 


4041 N, 


of General 
Carlson Rd, 


South, 


Corp., Gateway 
1 Liberty Ave., 


PYROMETERS 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J, 
Wheelco Instrument Div. Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


QUARTZ, FUSED 
Engelhard Industries Inc., 
Div., 685 Ramsey Ave., 


Amersil Quarts 
Hillside 5. N. J. 


REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNET- 
IC, See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic, 


RECORDERS, GRAPHIC 
See Instruments 


RECORVERS, OSCILLOGRAPHIC 


Sanborn Co., Industrial Div., 175 Wyman, 
Waltham 54, Mass. 


RECTIFIERS, SEMICONDUCTOR 


Fanstee] Metallurgical Corp., Rectifier 
Div., North Chicago, Ill. (Selenium) 

General Electric Co., 

Div., Schenectady 5, } 
Copper Oxide, Industrial Germanium) 

General Electric Ce., Semiconducter 
Products, Electronics Park, Syracuse 1, 
N. Y. (Germanium Diodes, Germanium 
and Silicon Rectifiers). 

Hoffman Semiconductor, Div. 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill, 

International Resistance S.. 401 N. 
Broad, Philadelphia 8, 

" Indianapolis 


Mallory & Co., Inc., P, Rr. 
6, Ind, (Magnesium-Copper-Sulphide) 
Radio Receptor Co., Inc., Semiconducter 
Div., 240 Wythe’ Ave., Brooklyn 11, 
Diodes, Selenium) 
Dept. 


N (Germanium 
Sarkes set Inc., Rectifier Div.. 
M-S 41 liege Ave., 


of Hoffman 


Bloom - 
11A B. 
(Selenium) 

Corp., Wakefield, 


1803 


ington, Ind. 
Ther Plectric & Machine Works, 
Jefferson, Chicago 6, Ill 
Transitron Electronic 
Mass, (Silicon) 
Vickers Electric Div., 
Locust. St. Louis 3. 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Vickers Inc., 
M 


RECTIFIERS, TUBE TYPE 

Amperite Co., Inc., 561 Broadway, 
York 12, N. Y. 

Electrons, Inc., 127 
3. N, J 


New 


Sussex Ave., Newark 

General Electric — Sales 
Div., Schenectady 5 . 

RCA Electron Tube Div., jadlo Corp. of 
America, Harrison, 

Westinghouse Electric on Gateway Cen- 
ter, Bldg. No. 8, 401 Ldberty Ave., 
Pittsburgh 30, Pa, 


_Apparatus 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor. 


REGULATORS, VOLTAGE. See 
Transformers, Variable Voltage. 


Acme Electric Corp., 358 Water, 
Inc., 561 
Y 


Carlstadt, N. J, 
1000 E. Bound- 


Cuba, 

Amperite, Cn, Broadway, New 
York 12 

Curtiss- weight Corp., 

Fidelity Instrument Corp.. 
ary 

General 
Div., 

Hoffman Semiconductor Div. 
Blectronics Corp., 930 


Evanston, Ill. 
R-B-M “‘Control”’ Div., Essex Wire Corp., 
16th, Chicago 


Logansport, In 

Sola Electric Co., 4633 W. 
50, 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 38, Ohio, 


Apparatus Sales 
N. 


of Hoffman 
Pitner Ave., 
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Cord Plug and Insert Molding—simple and easy—with the 


MOSLO DUPLIMATIC 


Designed especially for molding cord 
sets, and plastic items requiring inserts 
or multi-color molding, such as keys for 
business machines, the Model 11, 3- 
ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 

he production output of a Moslo Illustrated are parts 

DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 
operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS. 
For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DUPLIMATIC. 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available— 
Write or call today. 

Moslo 2-Station shifting 
table permits loading one 


side while parts are being 
automatically molded on 
the other side. 


MACHINERY COMPANY 
2445 PROSPECT AVE. + CLEVELAND 15, OHIO 
Circle 340 on page 17 





Now available in reprint form { $1.00 per copy): 





SLIDE RULE MATHEMATICS 


—> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! 











“SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This 
article is the work of Ira Ritow, engineer-teacher and author of the pop- 
ular “Capsule Calculus.” It traces the logical development of the slide 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide 
rule settings. 


Major topics include: 


for which please send me . 


e Uses of the Basic Side Rule ¢ Variations on Basic C-D Operation 
@ Trigonometry e@ The Log-Log Scales e@ Phasor Calculations 
e@ Vector Diagrams e@ The Circular Slide Rule. 


The 20-page reprint, plus 4 practice slide rules printed on heavy stock for 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy price is 90 cents; for 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


1 enclose $ 


1250 Sixth Ave., New York 20, N. Y. 
“SLIDE RULE MATHEMATICS.” 


READER SERVICE DEPARTMENT 
THE GAGE PUBLISHING COMPANY 


COMPANY 


Reprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING. 


SEPTEMBER 1958 





HERE'S tHe WAY TO 


CUT THOSE x!*!Idx 
PRODUCTION COSTS 








SPECIFY 


Z~ STALWART 


PRECISION RUBBER PARTS 


Modern production equipment and years of com- 
pounding experience are combined at Stalwart to 
provide important savings in product design and 
production costs. Extruded, molded, die- and lathe- 
cut parts are mass-produced at realistic prices from 
all types of rubber, including Neoprene, Hypalon, 
Hycar, Buna N and Silicones. Rubber parts offer- 
ing extreme resistance to oils, temperature, abra- 
sion, weather and chemicals are produced to meet 
individual operating requirements. And Stalwart is 
the only producer of extruded and calendered sili- 
cone sponge shapes! Write for complete information. 


C TALWART 


RUBBER COMPANY 


197 Northfield Road * Bedford, Ohio 
Plants in Bedford, Ohio 
and Jasper, Georgia 


Get all the facts. . 
Write for 
Bulletin 56-SR-3 


Circle 341 on page 


Vickers Electric Div., 
ust, St. Louis 
Westinghouse Electric tor 
ter, Bldg. No. 
Pittsburgh 30, Pa. 


hs an Inc., 1808 
Mo 


Gateway Cen- 
401 Liberty Ave., 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn. 
A’G'A Div, of Elastic Stop Nut Corp. 
-y America, 1027 Newark Ave., Elizabeth 


alten & Westlake Co., 1168 N 
Elkhart, Ind. (Mercury) 
Advance Relays, A Dept, of Elgin Na- 

tional Watch Co., Elgin, Ill. 

Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4, Wis, 

Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. ae (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc 
Franklin Park, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 
lake, 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. 

mai -Colman Co., 1803 Rock, Rockford, 
l 
Clare & Co., C. P., 3101 Pratt Bivd., 
Chicago 45. Ill. 

Comar Electric Co., 3349 
Chicago 18, Ill. 

= Controls Corp., Box 8, Centerbrook, 


. Michigan, 


, 9959 Pacific Ave., 


North- 


Addison, 


Curtis: Wright Corp., Carlstadt, N, J 
(Time Delay) 

Cutler-Hammer Inc., 
Milwaukee 1, Wis 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5685 N. 
Elston Ave.. Chicago 50, Ill. 

Electre Tec Corp., South Hackensack, 


1264 St. Paul Ave. 


Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L. L. 
Ine. "s 8 Hollywood Plaza, 


poperaten Sales 


Guardian Electric, 162 tic w. 
Chicago 12, III. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Haydon Co., A. W., 234 N. Elm, Water 
bury 24. Conn 

Haydon Div. of General Time Corp., 2531 
Lim, Torringtoa, 

Heinemann ty Co 
&. &. J, e Del 


Walnut, 


, 99 Plum, Trenton 
) 


Jennings Radio " Menufenuring Corp., 970 
McLaughlin Ave., O, Bex 1278, Sap 
Jose 8, Calif. 

Kellogg Switchboard and Supply Co., 6650 
8. cero Ave., Chicage 38, Ill, (Mag 
netic Impulse) 

Kurman Electric Co., Div. of Norbute 
ae * EM, 191 Newel, Brooklyn 
As Ss 


Line a Co., 
8, J. 


m.RE Electric Co., 3352 W. Grand 
Ave., Chicago 51, IIl, 

eo Electric Co., 852 8. Market, Galion 

Ohmite Manufacturing Co., 3613 Heward 
Skokie, Ill. 

ee Control Corp., 59 W. Washington 
joliet 

Potter & _—_ id Mfg. Co., Inc., Sub 
of American Machine & Foundry Co., 
Princeton, Ind 

Price Electric Corp., 
tick. Md. 

B-B-M Div., 


iinet 

R Electron Tube Div., Radie Corp. of 
America, Harrison, N. I 

Relay Sales Inc., Box 186-B, West Chi 
cago, Ill. 

Square D Co 
kee 12, 

Standard Electrical Products Co., 
Third, Dayton 3, Ohio 

Stromberg-Carison, A Dir. ef General 
Dynamics Corp., 117 Carlson Rd. 
Rochester 3, N. Y. 

Struthers-Dunn, Inc., Pitman J 

Tung-Sol ree Inc. Electreswiteh Div 
Newark 

Ward Leonard Thectrie Co.. 34 South 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway 
Center. Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 

Ave., Newark 5, N. J. 

Wheelock Signals, Inc., 
Ave., Long Branch, N. 

Wiegand Co., Edwin L., 
Bivd., Pittsburgh 8, Pa. 

Zenith Electric Co., 152 W, Walton, Chi 
cago 10, TL 


271 8S. Sixth, Newark 


1506 Church, Frede 


Essex Wire Corp., Logans 


oe N. Richards, Milwau 
2240 E 


273 Branchport 
‘7580 Thomas 


REMOTE CONTROLS. See Push Button 
Stations ; Relays and Contactors ; 
Switches ; Controls, Pressure and 
Temperature. 


RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating. 


RESISTANCE ALLOYS 
Driver Co., Wilbur B., 1875 
Highway, Newark 4, N. J. 
Driver-Harris Co., Harrison, 
Kanthal Corp., 3 Amelia PL, 

Conn 


McCarter 


N. J 
Stamford, 


RESISTANCE HEATING UNITS. See 


Heating Elements and Units. 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance 


RESISTORS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 
Centralab, Div. of Globe-Union, Inc., 
Keefe Ave., Milwaukee 1, Wis. 
Clarostat ‘Mfg. Co., Inc., Dover, N. H, 
Cutler-Hammer Inc., 1264 St, Paul Ave, 
Milwaukee 1, Wis. 
> 536 W. Mt 
Livingston, N 
Resister Corp., 


ar mama Ave., 

; =~ Electronics Div., 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, N. J 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa, 

Mallory, & Co., Inc., P. R., Indianapolis 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie ll 

RCA Electron Tube Div., 
America, Harrison, } 

Sprague Electric Co., 307 Marshall, Nerth 
Adams, Mass 

4041 N. Richards, Milwavu- 


+ oe Cerp. of 


Square D Co 
kee 12, Wi 
Stackpole Carbon Co., St. Marys, Pa 

Texas Instruments Incorporated, 6000 
Lemmen Ave., Dallas 9, Texas. 

Ward Leenard Blectric Ce., . ‘South. 
Mount Vernon, N 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Ine 614 Frelinghuysee 
Ave., Newark 5, N, J 


RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8S. Second, 
waukee vis, 

Cutler-Hammer Inc., 
Miiwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingsten, N. J. 

Erie Resistor Corp., Blectronics Div., Erie, 
Pa 


1264 St. Paul Ave., 


General Electric Co., 

Div,, Schenectady 5, } 

Hardwick, pind, Inc., 
ark 5, N 

International on Ce., 401 N. 
>a 


Philadelphia 8, 
Co., Ine., P. 'R., "Indianapolis 
6, Ind 
Ohmite Mfg. Co., 3613 Howard, Skokie, 
il 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass 


Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y, 


Apparatus Bales 
a. . 


40 Hermon, New- 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Ine., Dover, N. EL 
Cutler-Hammer es 1264 St. Paul Ave., 
Milwaukee 1, Wis 
Shr we Frinine, Inc., 40 Hermon, New- 


ark 
Mal lory * oe: Inc., P. R., Indianapelis 


In 
Onmite “Me. Co., 3613 Howard, Skokie, 
Ward Leonard Electric Co., 34 South, 
Mount Vernon, N, Y. 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4. Wis 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

General Electric Co., 
Div., Schenectady 5, N. 

Hardwick, <a Inc., 40 
Newark 5 

National Piectiic. 
Glenwood Ave., 

Ohmite Mfg. Ce., 
Til 

Ward Leonard Electric Co., 34 South, 
Mt. Vernon, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Apparatus Sales 
Hermon, 


Controller Co., 7070 
Chicago 26, Ill 
3613 Howard, Skokie, 


RHODIUM 
Engelhard Industries, Inc ( 
N, 


Shemical Div., 
113 Astor, Newark 2 J. 


RINGS, COLLECTOR 
Electro Tec Corp. South Hackensack, 


Make- 

peace Div., Attleboro, } 

General Plate Div } 8 Controls 
Corp., 1909 Forest, Attleboro Mass. 

Midwes : Molding & Mfg, Co., 123 Rotary 
Dr., Gurnee 96, Til 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 


Engelhard Industries, Inc., a 


RINGS, RETAINER and SNAP 
Garrett Co., Inc., George K., Torresdale 
Ave, at Telbut, Philadelphia 36, Pa. 
Industrial Retaining Ring Co.. Dept, EM- 

2, 57 Cordier, Irvington 11, N. J 


ELECTRICAL MANUFACTURING 





National Lock Washer Co., 40 Hermon, 
Newark 5, N. J 

United States Gasket C 
of ane Garlock Packing Co., 


_ 47-16 Austel Pi., 
. 2 


Plastics Div 
Camden 


1 
waiaee’ Kohinoor, Inc., 
Long Island City, N. 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 
25th Ave., Bellwood, Ill 

Milford Rivet & Machine Co., Milford, 
Conn 

Thomson Mfg. Co., Judson L., Dept, D. 
Waltham 54, Mass 


948 8. 


ROLLER BEARINGS. See Bearings, Ball 
and Roller, 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products Div., Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill 

Auburn gs Co., 306-1 Stack, 
Middletown, Con 

Chicago Rawhide Manufacturing Co., 1278 
Elston Ave., Chicago 22, Ill, 

Dew Corning Corp., Midland, Mich. 

, Inc., 15 West Sist, New York 
19, N. ° 

General Electric Coe., 
Decatur, Ill 

Jenns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 

Stalwart Rubber Co., 160 Northfield Rd 
Bedford, Ohio 


Plastics Dept., 


SAWS, COMMUTATOR. 
Saws and Slotters 


See Commutator 


SCRAPER RINGS. See Rings, Retainer 


and Snap 


SCREW DRIVING MACHINES 
Bristol Co., Socket Screw Div., 
bury 20, Conn. 


Water 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics, 

Aluminum Co. of America, 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub. of Ken 
necott Cepper Corp., Waterbury 20 
Conn 

Merkle-Korff Gear Co., 
Chicago 7, Ill 

Milford Rivet & Machine Co., 
Conn 


Alcea Bidg.. 


211 N. Morgan 


Milford 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement 
Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 
Advanced Vacuum Products, Inc., Div. 
General Ceramics Corp., 430 Fairfield 
Ave., Stamford, Conn. 
— Lava Corp., Chattanooga 5 


Amphenol. Electronics Corp. 1830 8. 54th 
Yonstantin & Co., I T Route 46, Lodi 
N 

of Philips Elec 
Murray 


Industries, Div 
691 Central Ave 


Dept. B-2, 6000 Fernview 
innati 13, Ohic 
Ceramics Corp Keasbey, N. J 
c Ce Apparatus Sales Div., 
ta N. Gliess Bushings) 
Hermas seal Co., Ir 1010 Main, Elkhart, 
In 
risers ational Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 
Inc., 1378 ‘Main Ave 
J 


‘Control Corp., 50 W. Washing 
ll 


ton, Joliet 


SEALS, MECHANICAL. 
— and Precision 
‘o., 252 Hawthorne Ave., 


(Rotary Shaft) 


Manufacturing 
Yonkers, 
6424 Oakton, 


N 
Crane Packing Co., Morton 


Grove 


SEALS. OIL and GREASE 
Chicago Rawhide Manufacturing Co., 1279 
5 Ave., Chicago 22, Ill 
D 1846 8S. Kilbourn 
1 
Plastics Div 


of The Garlock Packing Co., Camder 
N. @ 


1 


SELENIUM RECTIFIER. 
semiconductor 


See Rectifiers 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes 


SERVOMECHANISMS (Controls, Syn- 
Also see Motors 
Manufacturing Co., Electrica] Div 
he Singer Manufacturing Co., Som 
erville, 3 J 
Holipot Corp., Div. of Beckman Instru 
P P. O. Box 458, Newport 


Motor Corp., Dept. B, 23 W 
Washington Ave., Pearl River, N \ 
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Kearfott Co., Inc., 1378 Main Ave., Clif- 
N. J 


* Manufacturing Co., John, Avionic 
Racine, Wis 
of Roctre- Devices 


Servospeed Co., Div. 
Inc., 4 Godwin Ave., Paterson 1, N. 


SHAFTS, FLEXIBLE 
United States Gasket Co., Plastics nee. 
of The Garlock Packing Co., Cam 

1 KZ 


SHEAVES. See Drives, Belt 

SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave., N. W. 
Grand Rapids 2, Mich. 

Hoffman Engineering Corp., Dept. EM-91., 
Anoka, Minn 
Keystone Mfg. Co., 

Warren. Mich 
Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9. Ohio 


23358 Sherwood Rd., 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical 


ELECTRON TUBE 
Hayes Ave, at 21st, 


SHIELDS, 

Magnetic Metals Co., 
Camden 1, N 

Magnetics, Inc., Box 391, Butler, Pa 

SHIPPING SERVICES 

United Air Lines, Cargo Sales Div., 36 8. 
Wabash Ave Chicago 3, Il 


SIGNAL DEVICES 

Crouse-Hinds Co., Syracuse 1, 

Wheelock Signals. Inc., 27: 
Ave., Long Beach, N. J 


he P 
Branchport 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicatar,. 

SILICON DIODES. See Transistors and 

Crystal Diodoes 


SILICONES 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 

Dow Corning Corp., Midland, Mich. 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, IIL. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 

Natvar Corp., 207 Randolph Ave.. Wood- 
bridge NJ 

Taylor Fibre Co., Norristown 37, Pa. 

Union Carbide Corp., Silicones Div., 
Lexington Ave.. New York 17, N. 

Varflex Corp., 309 N. Jay, Rome, N. 


SILVER and SILVER ALLOYS. See ay 
Contacts and Contact Points, For Solder, 
see Brazing Alloys, Silver. 


Brainin Co., C. S., 318 Washington, Mt. 
Vernon r 

Deringer "Metallurgical Corp., 8111 Mon- 
ticello Ave., Skokie 

Industries, Inc 

931 N. 


—— 
. Rail- 


J 
North Chi- 


Engelhard 
Platinum & Silver Div., 
road Ave., Newark 5, N, 

Fansteel Metallurgical Corp., 
cago, Ill 

General Plate Div., 
Corp., 1909 Forest 

Handy & —— 82 Fulton, 


Metals and Controls 
Attleboro, Mass. 
New York 


Matiors & Co., Inc., P. R.. Indianapolis 
Ind. 


SLEEVE BEARINGS. See Bearings and 
Bushings, 


SLEEVE, 
and Sleeving, 


SATURATED. See 
Braided Fabric. 


Tubing 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Tl. 

Johns-Manville, Box 14, New York 16, 
N, Y. 


SLIDE ASSEMBLIES 
Chassis-Trak Inc., 525 8 
dianapolis, Ind 


Webster, 
SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J 


SLIP RINGS. See Rings, Collector, 


SLOT INSULATION. See Fabrics, Insu- 
lating; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric, 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
RENCHES 


Allen Manufacturing Co., 133 
Hartford 5, Conn 


Sheldon, 


SOCKETS and ADAPTERS, RADIO, See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 
Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne. Hartford 6. Conn. 


Automatic Electric Sales Corp., North- 
lak Ill 


IC and NEMA 12 


ENCLOSURES and PANELS 


in over 3500 sizes 





SEND FOR 
STANDARD 

SIZE & PRICE 
LIST OF NEMA 12 
AND JIC 
ENCLOSURES 

PER LATEST 
REVISIONS 

JOINT INDUSTRY 
CONFERENCE 


We build a complete line of performance proved enclosures to meet 
your requirements. You name it — we have all sizes — from 12" x 12" 
to 60°' x 90", any depth. 

STANDARD PRICE INCLUDES — “Painting 
Gasket and Provision for Mounting. 





Coxline Sheet 
metal enclosures meet 
or even surpass all mandatory 
and suggested standards. 


EEE 


*Sub Panel *Neoprene 


We also Fabricate custom Enclosures of All Types 
Any Size — Any Quantity 


H. F. COX co. 601-607 Ottawa Ave. 
Grand Rapids 2, Michigan Glendale 8-3741 
Circle 342 on page 17 


N. WwW 


earn the 
acts of 


See how felt fits in 
with your products! 


Let us show you how to save money and in- 
crease efficiency with the proper use of felt. 
ERE Samples and Applica- 

tions of Industrial Felt. 


*made to S.A.E. and Federal Govt. Specifications 


CONTINENTAL ERAT company. in 


22 WEST 15th STREET y NEW YORK 11.N Y 





RELAYS 


_From One Source 


Telephone 
Relays 


Midget 
Relays 


Advance Relays fe 
~ Automatic Electric 


Keying 
Relays 


Rotary 
Relays 


Cc. P. Clare 


= Elgin Neomite 


Guardian Electric 
“EC” Leach Relays 
Phillips Control © PAL tud 


“= Potter & Brumfield 


Struthers Dunn SD) 
FT Terado 


Besson & Robinson M2ZZ7Z7ai 


€BY And Others 


Order Large or Smal! Quontities 


Sealed 
Relays 


Sensitive 
Reloys 


latching 
Relays 


Stepping 
Reloys 


Delay 
Reloys 


Timers 
Contactors 


Motor Starting 
Relays 


Differential 
Relays 


Polarized 

Relays WRITE FOR RELAY CATALOG c-9 

AN Approved 
Relays 


oy 
ri ales 


For 24-Hour Delivery 
Phone: West Chicago 1100 


RELAY SALES, Inc. 


Box 186-B 
TWX West Chicago, 
Circle 344 on page 17 


DANO 


puts performance 
into every coil! 


3464 





Regardless of type or quantity, 
every coil is quality manufactured 
to your exact specifications. 


Encapsulated * Paper interleave 
* Bobbin * Cotton Interweave 
* Form Wound 
* Vacuum impregnated 
* High Temperature Application 
Also, Transformers Made To Order 


WRITE TODAY! Your inquiries are in- 
vit-d. Dano will analyze your coil prob- 
lems. No obligation. 








THE DANO ELECTRIC CO 


93 MAIN ST., WINSTED, CONN. 








Circle 345 on page 17 


Circle F Mfg. Co 
Dialight Corp . 
lyn 37, } 
Drake Man uracturing Co.. 1711 W, Hub- 
Chicago 22, IIL 
Electric Co., Construction Mate- 
Dis Bridgeport 2, Conn 
States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J 


, Trenton 4 


N. J 
44 Stewart Ave., Brook- 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries 


SOCKETS, VACUUM TUBE 

Amphenol Electronics Corp., 1530 S. 54tn 
Ave Chicago 50 Il 

Mycailex Corp. of America, Clifton Blvd., 
Clifton, N. J 

United States Gasket Co., Plastics Div. of 
he —— Packing Co., Camden 1 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 
Essex Wire Corp Wire and Cable Div 
Fort Wayne, Ind 
General Electri Co., Apparatus Sales 
Schenectady 5, N a 
& Harman, 82 Fulton, New York 
N 


38 

Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Il 

Londor Chemical Co Inc., 1537 North 


3ist Ave., Melrose Park, II! 


SOLDERING EQUIPMENT 
(irons, Machines, ete.) 
General Electric Co., 
Schenectady 5, N 
Vulcan Electric Co., 


Apparatus Sales Div 


Danvers 2, Mass 


SOLDERLESS CONNECTORS. See Con 
ectors, Wire and Cable 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver 
paats & Harman, 82 Fulton, New York 
oe! 


Kes ter Solder Co., 
Chicago 39, Ill 


4209 Wrightwood Ave 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39 

Landon Chemical Co., 1537 N. 31st Ave., 
Melrose Park, Il 


SOLENOIDS 
Allen-Bradley Co., 
Wis 
Anderson Controls, Inc 
Franklin Park, Ill 
Automatic Electric Sales Corp., North- 


lake, IIL 
50-M Hanover Rd., 
J 


1316 S. Second, Mil 


, 9959 Pacific Ave., 


Automatic Switch Co. 
Florham Park, N. J. 

Cannon Electric Co., Dept 500, 3209 
Humboldt, Los Angeles 31, Calif. 

a Co., 3349 Addison, Chicago 
8, Ill 


Controls Co. of America, 9551 Soreng 
Ave., Schiller 

Cutler-Hammer, 
Milwaukee 1 
Pittsburgh 22, Pa. 

Detroit Coil Ce., 2435 Hilton Rd., 
20. Mich 

Jormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, § 

General Electric Co., 
Div., Schenectady 5, I 

Cuardian Electric, 1627-K W. 
Chicago 12, Ill 

Leland, Inc., G. H., 123 Webster, Dayton 
2, Ohio 

National Acme Co., 


Paul Ave.. 


Detroit 


Apparatus Sales 
me 


Walnut, 


176 E, 13lst, Cleve- 
., 1260 N. Clybourn Ave., 
Chicago 10, I 

Phillips Control Corp., 59 W. Washington, 


Essex Wire Corp., Logans- 

Relay Sales Inc., Box 186-B, West Chi 
cago, Ill 

Rolenoid, Inc., P. O. Box 1124 Culver 
City, Calif 

Struthers-Dunn, Inc., Pitman, N. J 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind, 

were 4 Blectric Co., 1806 Pine, St, Louis 
3, 

Eaton Mite. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

Genera] Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Janette Electric Mfg. Co., Morton Grove, 
Tl 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Ill 

Metron Instrument Ce. 
ver 3, Col 

Reeves Pulley Co., 


457 Lincoln, Den- 


Columbus, Ind. 


SPRINGS, COIL and FLAT 
American Stee] & Wire Div., U, 8. Steel 
—— Rockefeller Bidg., Cleveland 13. 
nio 


Associated Spring Corp., Bristol, Cenn. 
B-G-R Div., Associated Spring Cvrp.. 
Piymouth & Ann Arbor, Mich, 

Barnes Div., Wallace, Associated Spring 
Cerp., Bristol, Conn 
Chatillon & Sons, John, 

York 38, N. ¥ 
Dudek & Bock Spring Mfg. * ag 
Grand Ave., Chicagy 51, 
Dunbar Bros Div., Ascoriated 
Corp Briscol, Conn 
Genoett Co., Inc., George K., Torre 
at Tolbut, Philadelphia 36, Pa. 
Gibson Div William D., Associated 
Spring C orp , 1800 Clybourn Ave., Chi- 


85 Clif, New 
4016 W 


Spring 


Co., Old Wm Penn 
Highway ‘Delmont 
Hunter Spring Co., 22 Spring Ave., Lans- 
dale, Pa 
Instrument Specialities Co., Inc. , 244 Ber- 
gen Bivd., Little Falls, N. J, (Beryl- 
fium, Copper) 
Lewis Spring & Mfg. Co., 
Ave., Chicago 47 1 
Manross & Sons Div., F. ae 
Spring Corp.. Bristol, Con 
Milwaukee Div., Associated ‘Spring Corp... 
Milwaukee, Wis 
i Associated 


2646 W. North 


Associated 


Spring Corp.. 
Associated Spring 


Pacific Div., 


Associated Spring 
Gardena, Calif. 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades. 


STAMPINGS, METAL 


Auburn Manufacturing Co., 
Middletown, Conn. 

B-G-K Div., Associated 
Plymouth & Ann Arbor, Mic' 

Barnes Div.. Wallace. ‘Associated Spring 
Corp Bristol, Conn 

Barnes-Gibson-Raymond Div., Associated 
Spring . 40300 Plymouth Rd., 
Plymouth, 

Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20 


300-I Stack, 


Spring Corp. 


Conn 

Deringer Metallurgical Corp., 8111 Mon- 
ticello Ave., Skolfle, TL 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, I 

Dunbar Bros. Div.. Associated Spring 
Corp Bristol, Conn. 

Erie Resistor Corp Electronics Div 
Eri Pa 

Fryling Mfg. Co., Erie, = 

Garrett Co.. Inc., Geo K.. Tor 
dale Ave. at Tolbut, "Philadelphia "36 


ey 

Gibson Div., William D., Associated 
Spring Corp 1800 Clybourn Are. 
Chicago 14. Il. 

Heyman Mfg. Co., Kenilworth 1. N. J 

Iiseo Corp., Dept. F-4. 4730 Madison 
Rd., Cincinnati 27, Ohie. 

Kirk and Blum Manufacturing Ce.. 3122 
Forrer. Cincinnati 9, ‘ 

4808 Union, 


Laminated Shim Co., Ine., 
Glenbrook, Conn 
Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47. 
Baise Tool Manufacturing Co.. 402) 
. Lake. Chicago 24, Til. 
seenhene & Sons Div.. F. N., 
Spring Corp.. Bristol, Conn. 
Merkle-Korff Gear Co., 211 N. 
ieago 7. Ill. 
Milwaukee Div.. 


Associated 
Morgan 
Associated Spring Corp.. 
8. 
Co., Middletown, Conn 
) 
Associated Spring Corp 
to. 
sociated Spring 
° Pa. 
Seaboard Pacific Div Associated Snrring 
Corp.. Gordeme. Calif 
Sylvania Electr Products, Inc., 1740 
Broadway. New York 19. N. 
United- Carr Fastener Corp., Cambridge 
42, Mas 
Wenco Mie Co.. 1136 West Hubbard, 
Chicago 22. Til 


STAMPINGS. NON-METALLIC 

Auburn “roy gg Co., 306-I Stack. 
Middletown 

Continental - Reames Fibre. A Sub of The 
Budd Co.. Inc., Newark 18. Del 

Fryling Mfg. Co.. Erie, Pa. 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auxiliaries. 


STARTERS, MOTOR. See Controllers 
Motor. Push Button Stations 


STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 


Enameling 
Stainless 

Cold Rolled Only 
Sheets and Strips 
Tubing 


(T) 
(See also Steel. Electrical) 


Acme-Newport Steel Corp., Newport. Ky. 
(ADES) 
Allegheny Ludlum Steel Corp... Oliver 
Bldg.. Pittsburgh 22, Pa. (NS 
American Steel & Wire Div., U eel 
— Bidg.. Cleveland” "3 


Div Wallace, 
‘0! Rristol Conn 
Carpenter Steel Co., 115 
ing, Pa, (S-BNT) 


Associated Spring 
(8.CO) (Spring) 
W. Bern, Read- 


ELECTRICAL MANUFACTURING 





Chase Brass & Copper Co, Sub. of 
wri Copper Corp., Waterbury 20. 
Cenn. (N) 

Columbia-Geneva Steel Div., U. 8S. Steel 
Corp., Sun Prancisco, Calif. 

Driver Co., Wilbur &., mt McCarter 
Highway, Newark, N. J (Staipless 
Steel Wire) 

Laughlin Steel Corp., Strip 
Div., Youngstown i, Omo 
(ACDNOS) 

Jones Laughlin Steel Corp 
Steel Div P.O, Box 4606 
Mich. (BNS) 

National Tube Div., U. S. Steel Corp., 
Pittspurgh, 


Stainless 
Detroit 34, 


. U. 8S. Steel 


i, Ala. 
.. 525 William Penn P1., 
pittsburgh 30, Pa. (S-ACDN) (T-ACN) 


STEEL, ELECTRICAL (Stlieen) 
(Sheets and Strip 
Acme- Newport Steel lite Newport, Ky. 
Allegheny Ludlu Steel Corp.. Oliver 
Pittsburgh 22, Pa 
i Corp., 1378 Curtis. Middle- 
° 

Republic Steel Corp., Dept. 5926, 1441 
Republic Bidg., Cleveland 

U. 8. Steel Corp.. 525 

> 

a. 


° 
illiam Penn 
Fi., Pittsburgh 30. F 


STRAIN RELIEFS. 


See Grips and 
Clamps, Strain Relief. 


STRIPPERS, WIRE 
Artos —~-e gE Co., 2737 8. 28th, 
Milwaukee 7, W 
Eraser Co.. Inc., 1668 8. Clinton, 

euse 4, N. ¥ 
Holub Industries, Inc., 445 Elm. Syea- 
more, l 

don Chemical Co., Inc., 1537 N. Sst 
Ave.. Melrose Park, Ill. (Solvent) 
Wenco Mfg Co.. 1136 West Hubbard, 
Chicago 22, IIL. 


Syra- 


STRIPS, BLOCKS and BOARDS. 
TERMINAL 


AMP Incorporated, 5284 
Bivd., Harrisburg. Pa. 
American Lava Corp... 


Eisenhower 
Chattanooga 5, 


‘enn. 

Audio Development Co., 2836 13th Ave.. 
South Minneapolis 7, b F 
Buchanan Electrical Corp.. 235 
oute 22 
Burndy Cor 


Omaton Div.. Norwalk, 


nn 
Cambridge Thermionic Corp., 453 Con- 
cord Ave., Cambridge 38, Mass. 
Curtis Development & Mfg. Co. 
N. 33rd, Milwaukee 6, Wis. 
Cutler- Hammer, wr: 1264 St. Paul Ave.. 
B Milwaukee 1, 
art pam BB Co., 211 Bartholomew 
Ave.. Hartford 1, pen 
‘. 4730 Madison 


° yee B., C Corp. 

rR inch Mfg. ee 

Molex Products Co., Brookfie Id, Til. 

= —-, of America, Clifton Blvd.. 

Stromberg- Tasos. A Div. of General 

Dynamics Corp., 117 

Rochester 3, N Bi care: acs 

28 Butler, 


United States Gasket Co. Plasties Div. 
no. Garlock Packing Co., Camden 


SWITCHES, AUTOMATIC and MANUAL 
Fleat (Liquid Level) 
Limit (Snap- Action) 
Magnetic 
Mercury 
Pressure 
Thermal 


m 
Canopy and Fixture 
Foot 


Heater (Series Multiple) 

Jack, Key and Lever 

Panel 

nee 3 (Toggle, Slide, 
ta 


Remote” Control 
Selector 
Through-Card 
Coaxial 

| wl Speed Control 
eet 

Co 

Push Button 


(Snap) 


See also Circuit Breakers: 
Stations; Controllers 
Timers, 


Push Button 
Motor; Relays: 


AEMCO. Inc., 50 State, Mankato. Minn, 


(GR) 
Adams & Westlake Co.. 11 
gan, Elkhart, Ind. (Db) > \ Micht- 
Allen-Bradley Co., 1316 S Second. Mil- 
waukee 4. Wis. (ACEFIP 
ales + +h ~~ Inc., 2 ey End Ave 
4 ee 
Anderson Controls, Inc cD ~ 
Pa, Park, Ill 
‘ow-Hart & Hegeman Electric Co. 
Hawt peepaene, Hartford 6. Conn (ACDAE 


9 Pacific Ave., 


Electric Sales Cor; N - 

Automatic § ae Caer ew) s 
atic Swite ‘0., 50 

en tae wes uM saqeerer Rd., 

Centralab, . of Globe C cee ‘lee.. 9623 

Ave.. Milwaukee 1, Wis. 


Co.. Trenton 4, N. J. 
P.. 3101 Pratt Blvd. 


(Sw) 


. 1146 E. 152nd, . 
10. t@) 152nd, Cleve 


SEPTEMBER 1958 


Cemar Elect Co.. 3349 Addison 
Chicago 18, Ti (N) 

Controls Co. of Awmerica, 9551 Soreng 
Ave., Schiller Park, Ill. (ABELPS) 
Cramer Controls Corp., Box 8. Center 
brook. Conn. (C) 
Crouse-Hinds Co.. 

(DPSV) 
Curtiss-Wright Corp., 


Syracuse 1, N Y 


Caristadt, N. J. (F) 
1264 St. Paul Ave., 
(EGLPW) 
. Mt. Pleasant Ave 
Rout . Livingston, N. J. (8) 
Detroit Controls Corp., Div. of American 
Standard, 5900 Trumbull Ave., Detroit 
8. Mich. (P) 
Durakool, Inc., 
Bene Signal Corp, 202 20th, 


Elkhart, Ind. (D) 
Moline, Lil 


ecto. Snap Switch and Mfg. Co., 423% 
wake, Chicago 24. Ill. (BNOP SVWY) 

Electro Switch Corp., Weymouth 88. Mass 
(HPRSW) 

Furnas Electric Co.. 
ll. (ABCEFLO) 

G-V Controls, Inc.. 8 Hollywood Plaza 
East Orange, N (FG) 

General Electric Co., Construction Ma 
terials Div.. Bridgeport 2, Conn. (S) 

General Electric Co., Apparatus Sales Dir 
Sehenectady 5, N. Y. (ABCDEFGHJK 
MNOPRSTUVWY) 

Guardian Electric, 827-7 es Walnut 
Chicago 12, IIL «c FGHN 

Hart Manufacturing Co., 211 ’ partholomew 
Ave.. Hartford |. Conn. (MONKS! 

Haydon Div. of General Time Corp., 2531 
Elm, Torrington. Conn, (G) 

Ta a Co., 99 Plum, Tren 

(c 


1024 McKee, Batavia 


») 

mE ER, Inc., 1200 Elmwood Ave 
Sharon Hill, Pa. (P) 

Jennings Radio Manufacturing Corp., 970 
McLaughlin Ave.. P. O. Box 1278, San 
Jose 8, Calif 

Kellogg Switchboard and Supply Co., 6650 
S. Cicero Ave.. Chicago 38, Ill. (S) 
(Crossbar) 
eland, ine., G. H., 


123 Webster, Daytor 


a R.. Indianapolt 

6 

Mechanical In ation” Production Co.. 21 
Ash, Akron 8. Ohio 

Micro Switch, A Div. of Honeywell, Free 
port, Tl. (BDFLSW) 

Miller-Harris Instrument Co., 611_E £ 
den Ave., Milwaukee 2, Wis. (G) 

National Acme Cv 176 KE, i3lst, Cleve 
land 5, Ohio (BPY) 

North Electric Co.. 852 S. Market. Galion 
Ohio (W) 
Oak Mfg. Co., 1260 N. Clybourn Ave., Chi- 

cago 10, Ill. (NWZ) 
Ohmite ane Co., 3613 Howard, 
Ill. 


R-B- M , Essex Wire Corp., 
port, Ind. 
Relay Sales Inc., Box 186-B. 
cago 
Robertshaw-Fulton Controls Co., 
16. Ohio (B) 
Metals & Controls Corp., 
. Attleboro, Mass. (EF) 
Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. (ABCEFLOPR) 
Stackpole Carbon Co., St. Marys, Pa. (P) 
Stromberg-Carlson. A Dir. of General Dy 
namics Corp., 117 Carlson R4., 
SF 


Struthers-Dunn, Inc.. Pitman, N. 
Switchcraft, Inc., 5539 N. Elston Ave., 
Chicago 30, Ill. (N) 
Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6. Ill. (§ 
rq Engineered Products. Inc.. 34 W 
Monroe, Bedford, Ohio (V) 
Unimax Switch Div.. The W. L. Marsor 
Corp., Ives Rd.. Wallingford, Conn. (D) 
Ward Leonard Electric C 
Mount Vernon. N. Y. 
Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 30, Pa 
Zenith Electric Co 
cage 10, Ill. (HR) 


Skokie 
Logans- 
West Chi 


Acro Div 


Rochester 


Walt ton. Chi 


SYNCHROS. See Servomechanisms. 


TACHOMETERS 

D & R Ltd., 402 E. Gutierrez, P. O 
Box 1500, Santa Barbara, Calif, 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y. 

etron Instrument Co., 
ver, Colo. 

Reliance | _Elect ric & Engineering Co.. 
Dept -A, Cleveland 17, Ohio 

Weston Tlectrical Instrument Corn 
sub. of Daystrom, Inc., 614 Freling. 
huysen -Ave.. Newark 5, N. J. 


457 Lincoln, Den 


TAGS. TERMINAL 


National Band & Tag Co.. P. O. Bos 
9- 


Wood 


254, Newport. Ky 
Natvar Corp.. 207 Randolph Ave... 
bridge. N. J 


TANTALUM 
Fansteel pectatinrnton! Corp 


cago. 
er A t So. tm. P. & 


North Chi 


Indianapolis 


TAPE. hesesive and COIL 
FASTEN 


Insulation re Corp., 565 W 
Washington Bivd.. Chicago 6, ML 
Jehns- Manville. Duteh Brand Produrts 
7800 Woodlawn <Ave.. Chicago 1% TI) 
Minnesota Mining & Mfg. Co.. Electric re 
Div., 900 Fauquier Are. 
Paul 6. Minn 
Permacel-LePage’s Inc.. 
New Brunswick. N J 


State Highway 25 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp., 565 W. 
Washington Blivd., Chicago 6, Til. 


These subminiature snap-acting switches have 


a BIG advantage... 


INTEGRAL 
_, ACTUATORS 


or leaf-roller 
actuator — 

an integral part 

of the switch — 

is pre-adjusted and 
mechanically locked 
in the 

switch assembly 
during 
manufacture. 


integral-actuator 
switch benefits: 


Saves space in ganging, no build-up of 
thickness tolerance: stacking 4 per inch 

8 in 2 inches, 12 in three inches, etc. 
Quickly installed in miniaturized apparatus 
or hard-to-get-at places: 

no auxiliary actuator mechanism 

to adjust or assemble. 

High repeatability , long switch life. 
Vibration resistant — integral actuator has 
no extra parts to shake out of adjustment. 


Lighter actuating force possible than with 
auxiliary mechanisms. 


Leaf and leaf-roller Sy 30-5 
actuator lengths So | 
furnished a OPERATE. | 
to your requirements. 3 POSITION 


~ 


ELECTRICAL RATINGS: 
2% amp. 30 v. d-c, inductive 
5 amp. 30 volts d-c, resistive, 
5 amperes 125/250 volts a-c. 
Write today for information on 
Unimax subminiature snap-acting 
integral-actuator switches. 


UNIMAX SWITCH 


tt el 4 ‘% 2 P1G14441 


IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 346 on page 17 





The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Can be used with 


FHP motors... engineered 


Ball or sleeve bearings. 
ony of RAE's gear units. 


Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Continuous 
Weight — Approx. 2 Ibs. 


large variety of motors. Available in v 
250, and up to 1/6 H.-P. 


especially 
for your 
product 


RAE 


motors 


RAE engineers are recognized specialists in solving 

difficult FHP motor applications. By careful analysis 

and testing of your product, they can save you time 

and money in selecting the ri, ight motor. 

RAE offers outstanding service and a ina 
o 


tages up to 
(higher for intereniitent 


duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 

*Send for the *‘RAE"’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


VAP. MOTOR CORP. 


2009 Kewaunee Street 
Racine 


Wisconsin 


AC/DC Universal * DC Shunt Wound + 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 


Circle 347 on page 17 





TRANSFORMERS 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 
commercial construction. 


And, we’ve got one asset 
you’ll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 530 


ELECTRAN MFG. CO. 


1901 


CLYBOURN AVENUE 


* CHICAGO 14, 1LLINOIS 


Circle 348 on page 17 


Irvington Div., Minnesota Mining & Man- 
ufacturing o. 9 Argyle Terrace, Ir- 
vington 11, J 

se pas Manvilie™ ‘Box 14, New York 16, 


ibaa .o-~ Dutch Brand Preducts. 
7800 Woodlawn Ave., Chicago 19. Il. 
Minnesota Mining & Mfg. Co., Electrical 
ucts Div., 900 Fauquier Ave., St. 

Paul 6, Minn. 


TAPE, INSULATING. See Fabrics, In- 
Asbestos; 
joi Tape and 

Sheeting, Synthetic Resin 


TAPE, MAGNETIC RECORDING. See 
Magnetic Recorder Components 

TAPE, MICA. See Mica 

TAPE rm SHEETING, SYNTHETIC 
RESIN 
Borden Go... 
bara. C 

outer ‘Diamond Fibre. A Sub. of The 
Budd Co., Newai 3. a 

du_ Pont de Nanours & Co E. I. 
Plastics Div., Polychemicale Devt. Wil- 
mington 98. Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd. icago 6, Tl. 
Irvington Div., Minnesota Mining & 
Manufacturing Co, 9 Argyle Terrace. 
Irvington 

Minneseta Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Natvar Corp., 207 Randolph Ave.. Wood 
bridge. N. J. 

New Jersey Wood Finishing Ce., Klec- 
trical Insulation Dept.. Woodbridge. 


N. J. 

United States Gasket Co.. Plastics Div 
of = Garlock Packing Co., Camden 1, 
N 


- Beviaite Dept.. Santa Bar- 


TAPES, MEASURING 
Keuffel & Esser Co., 


TELEPHONES 
Crouse-Hinds Ce.. 


Hoboken, N. J 


Syracuse 1, 


N 
Kellogg Switchboard and Supply Co. 6650 


S. Cicero Ave.. Chicage 38. IIl. 
tional Pneumatic Co., Inc., 
abot Div.. 125 Amory, 


Mass. 

Stromberg-Carlson, A Div.. of General 
Dynamics Corp.. 117 Carlson Rd., Ro 
chester 3. as 


Holtzer- 
Bosten 19. 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
“witches Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips 


TERMINALS. See Lugs and Terminals 


TESTING CHAMBERS. See Chambers. 
Test. 


TESTING INSTRUMENTS. See Instru- 
ments. Also Tools. Portable. 


THERMAL SWITCHES. See Switches 


THERMISTORS 

General Electric Co.. Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De- 
troit 32. Mich. 

Victory i? Corp.. 
field Rd.. Union, N. J. 


109 Spring- 


THERMOCOUPLES 


General Electric Co.. Apparatus Sales Div.. 
Schenectady 5. 

ee Products Corp.. New Haven 4. 

Electric Corp.. Gateway 


Westinghouse 
Senter 401 Liberty Ave 


Cc Bldg. No. 3, 
Pittsburgh $0 Pa 
Weston Electrical 
sub. of Daystrom Inc., 
huysen Ave.. Newark 5, 
Wheelco Instruments Div.. 
Co.. 1403 Rock, Rockford 


Instrument Corp., A 
614 Freling- 
YJ 


Barber-Colman 
mM 


THERMOMETERS 

Weston Electrical Instrument Corp.. A sub 
of Daystrom Inc.. 614 Frelinghuysen 
Ave.. Newar' . ae 

Wheelco Instruments Div.. Barber-Colman 
Co., 1403 Rock, Rockford, ll 


THERMOPLASTIC WIRE. See Wire and 
Cable. insulated 


THERMOSTATIC BIMETALS 


Brainin Co., C. S., 318 Washington. Mt 
Vernon, N. Y. 
( “hace Co., - M.. 

roit 9. 
Enseiherd Industries. Inc.. H. A. Wilson 
lighway No. 22, Union, 


1608 Beard Ave.. De- 


x J 
General Plate Div.. Metals and Controls 
Corp., 1909 Forest, Attleboro, 


THERMOSTATS 


Barber-Colman Co.. 1803 Rock. Rockford 
In 


Curtis Development & jis. Co.. 3266 N 
t3rd. Milwaukee 6. Wis. 

Curtiss-Wright Corp., Caristadt N. J 

G-V Controls, Inc., 8 Hollywood Plaza. 
East Orange, N. 

(seneral Electric Co.. Apparatus Sales Div.. 
Sehenectady 5, N. Y. 

Hart Manufacturing ol 211 Bartholomew 
Ave.. Hartford 1, Con 

Mechanical Industries Production Co., 211 
sh. Akron 8. 

Robertshaw-Fulton Controls Co., 
Coiumbus 16, Ohie. 

Spencer Div 
3609 Forest, 


Acro Div. 


Metals & Controls Corp., 
Attleboro, Mass 


Lexington sna 
429-33 
34 «Wz. 


Stevens Mfg. Ce., Inc., 

Mansfield. Ohic. 

Still-Man Manufacturing Corp., 

E. 164th. New York 56, N. Y. 

Torq Engineered Preducts. Inc., 
Bedf 


Monroe. ord. Ohio. S 
Dianet Co., George, 420 Market, Newark. 


Westinghouse 
Center. Bidg. No 
Pittsburgh 36. Pa. 

Wheelco Instruments Div.. Barber-Colman 

1403 Rock, Rockferd, Ill 

Co Edwin L., 7530 Thomas 
Pittsburgh 8. Pa 
or Co., 1001 Newark Ave.. Eliza 
N. J. 


Electrie Corp., Gateway 
401 Liberty Ave 


TIMERS, MOTOR 

AEMCO, Im 4) State. Mankato, Minr 

Allen-Bradley Co., 1316 S. Second, Mil 
waukee 4, Wis 

Controls «<« of America 51 
Ave., Schiller Park, ill 

Cramer Controls Corp Box 8 


Soreng 
Center 
Corp., 202 20th. Moline 
one Electric (€ 2. " 
Schenectady 5 
Hansen Manufa wai Ce., Ine., 


7, 284 N. Elm. Water 


apeeraiee Sales Div., 


Prince 


siaeden Div ~y 'C yeneral Time Corp., 2531 
Elm, Torrington, Conn 

Industrial Timer Corp., 1411 
Highway. Newark 4 N 

Miller-Harris Instrument Co., 611 E. Og- 
den Ave., Milwaukee 2, Wis. 

Belay Sales Inc.. Box 186-8, West Chi 

Square D Co., 4041 N. Richards, Milwau- 
kee Wis. 

enna Carlson, A Div. of General Dy 
some ee. 117 Carlson Rd.. Rochester 
3 


McCarter 


Struthers Dunn. Inc., Pitman, N. J 
Ward mtontris Co.. 34 South 
rie Corp Gateway 
3, 401 Liberty Ave 
Pittsburzh 36. Pa 
Zenith Electric Co.. 
cago 10. Til. 


152 W. Walton. Chi 


TIME SWITCHES, See Switches 


TOOLS. PORTABLE 

Barber-Colman Co.. 1808 Rock. Rockford 
TH. (Hardness Testing) 

Gardner-Denver Co.. Quincy. Tl 
matic) 

Thomas & Betts Co.. Inc.. 28 Butler 
Elizabeth 1. N. J. iverminal Tools) 


(Prev 


TRACING cig FIL™ and “era 


Keuffel & Esser Hoboken J 
Oxzalid, A Div. of General ‘aniline % Film 
Cerp.. Johnsen City, N. Y. 


TRANSDUCERS, PRESSURE 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, 

Servomechanisms, Inc Mechatrol Div., 17 
Brooklyn Ave., Westbury, L. 1., N. ¥ 


TRANSFORMER HOUSINGS. See Cabi 
nets. Sheet Metal 


TRANSFER SWITCHES, See Switches 


TRANSFORMERS. ELECTRONIC 
Acme Electric Corp., 358 Water, Cuba 
Be: 


Airpax Products Ce., Ft. Lauderdale. Fis 

Audio Development Co.. 2836 18th Ave 
South Minneapolis 7. Minn 

Caledonia Electronics & Transformer Corp 
Dept. EM-9, Caledonia, N, Y¥ 
cago Standard Transformer Corp.. 35" 
Addison, Chicago 18 

Comar Electric Co 
Chicago 18, Ill 

Dane Electric Co 


$349 9 Addiawr 


93 Main. Winstei 

nm 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14 1 

Nothelfer Winding T.aboratories. P O 
Box 455, Dept. EM-8, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp 
of America. Harrison. N. J. 

Sola Electric Co., 4633 W. 16th. Chicago 


Standard Electrical Products Co.. 2240 EF 
Third. Dayton 3. hio. 

Texas Instruments Incorporated. 600» 
Lemmon Ave., Dallas 9, Texas 

United Transformer Co.. 150 Varick. New 
York 13. N. Y. 


TRANSFORMERS, BALLAST. See Fluo 
rescent Lamp Auxiliaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Cerp., 358 Water, Cuba, 

Chicago Standard Transformer Corp., 3501 
Addison, Chicago 18, Il 

Comar Electric Co., 
Chicago 18, Tl 

Dano Electric Co., 93 Main, 
Conn 

Blectran Mfg. Co., 1901 Clybourn Ave. 
Chicago 14, Til 

Genera! Electric Co., 
Schenectady 5. N a 

Bela Electric Co., 4633 W. 
Se. Tl 


3349 Addison, 


Winsted, 


Apparatus Sales Div 

16th, Chicago 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 

Pittsburgh 30. Pa 

Weston Electrical Instrument Corp., A sub 
! Daystrom, Inc.. 4 Frelinghuysen 
Ave.. iNewark 5, N. 


ELECTRICAL MANUFACTURING 





TRANSFORMERS, POWER CIRCUIT 
Acme Electric Corp., 358 Water, Cuba, 
Chicago Standard ST ae Corp., 3501 
Addise 1 
3349 Addison, 


Butler, 
c.. 1264 st 


Cutler- Hammer, 
Milwaukee 1. Wis. 
Electric Co., 


Conn. 
Dormeyer Tpdatizies, 3424 Milwaukee Ave.. 
41, 


Paul Ave.. 


93 Main, Winsted. 


fie’ 1901 Clybourn Ave.. 


Duty Electric Co., Milwaukee 1 
8. 

Nothelfer Winding Laberatories. P.. (%; Box 

455, Dept. EM-8, Trentor 

RCA Electron Tube Div. 

erica, Harriso N. J 

Bole : Co., 1633. "'W. 16th, 


Standard Electrical Products Oo.. 

T ». Ohio 
Machine 

s J , Chicago 6 

United Transformer Co., 
York 13. Y 

Wagner Electric Corp., 6454 
Ave.. St. Louis 14. Mo. 

Westinghouse c Corp., Gateway 
Center, Bldg. No. 3. 401 Liberty Ave. 
Pittsburgh 30, Pa 


Radio Hints 
Chi¢ago 
2240 E 
Works. 1A 
"180 ‘Varick, New 


Plymouth 


TRANSFORMERS, 
VOLTAGE 


Acme Electric Corp., 358 
N 


VARIABLE 
Water, Cuba 


Co.. 3349 Addison 


niesteen Mfg. Co., 1901 Clybourn Ave., 
“hicago 14, Ill 
Heri Duty Electrie Co.. Milwaukee 1, Wis 
CA sae we Dir. Radio Corp. of 
America, Harriso 
Standard Blectrical. "Products Co., 


2240 E 
Third, Dayton 3. 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 
Corp., 241 Crescent, Waltham 54, Mass. 
General Electric © Electronics Div., 

Electronics Park, Syracuse 1, N. Y 

(Germanium & Silicon Transistors) 
Hoffman Semiconductor Div. of Hoffman 
Corp.. 930 Pitner Ave., 


ucts, Semiconductor Div., 
Internationa] Airport Sta., Los Angeles 
45. Calif 
International Resistance Co.. 401 N. 
Broad, Philadelphia 8, Pa 
RCA Semiconductor oe 
America, Harrison, 
Sprague Electric Co., 
Adams 


Radio Corp. of 


307 Marshall, North 


eee. Inc.. 1740 
ork N. Y 


ba Instruments Inc or porated 6000 Lem- 
.. Dallas 9, Texa 
Transitron Electronic Corp... 
Mass. 
Westinghouse Electric Corp 
Center, Bldg. No. 3, 401 
Pittsburgh 22, Pa. 


Wakefield 


Gateway 
Liberty Ave.. 


TRANSISTOR TEMPERATURE 
CONTROLS 


United  Alreraft 


Products Inc., 
Bolander Ave., 


Dayton, Ohio 


TUBE PARTS (Electronic). See 
tronic Tube Components. 


TUBES, CATHODE RAY 

Dumont Laboratories Allen B., 76 
Bloomfield Ave., Clifton, N. J 

General Electric Co., Tube Dept.. 
tady 5. N. 

RCA Electron Tube Dir... 
America. Harrison, N 


Schenec- 


Radio Corp. of 
J 


TUBES, ELECTRON (industrial) 
—. C.. Ine.. 561 Broadway. New 
Chatham " \whacarantes Div. 
Electric Ine.. Livingston. N. 
Dumont Laboratories Aller 
Bloomfield Ave., Clifton, N 
Electrons Ine 127 Sussex Ave., 


of Tung-Sol 
BI 
B., 760 
J 
Newark 


3. 

Genera 1 Electric Co., Tube Dept., Schenec- 

tady 

Hughes Products, Electron Tube Dir 
International Airport Sta., Los Angeles 
45. Calif 

RCA Electron Tube Div., 
America, Harrison, N ° 

Sylvania Electric Products, P 1740 
Broadway. New York 19. N. Y¥ 

Westinghouse ric Corp Gateway 
Center. s. 401 Liberty Ave.. 
Pittsburgh 80, 


ae Corp. of 


TUBES, METALLIZED 


GLASS. See 
Glass. Technical 


TUBES, PHOTOELECTRIC. 


See Photo- 
electric Celle and Tubes. 


TUBES, THERMOCOUPLE 


Kanthal Corp., 3 Amelia Place. Stamford, 
Conn. 


TUBING, ALUMINUM. See Aluminum 


TUBING, BRASS, BRONZE and CoP- 
PER. See Brass, Bronze and Copper 


TUBING, FIBRE. See Fibre 


SEPTEMBER 1958 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base. 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 

Cleveland Container Co., 6201 
Ave., Cleveland 2, io 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, el. 

Paramount Paper Tube Corp., 612 Lafa- 
yette, Ft. Wayne 2, Ind. 


Barberton 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish er synthetic resin.) 


Bentley, Harris outs. Co., 200 Barclay. 
Conshohocken Pa 

Borden Co.. Nestaite Dept. Santa Barbara. 
Calif. 


Continental-Diamond Fibre. = Sub. of The 
Budd Co.. Newark 13, Del 
imeienee Manufacturers Corp.. 
Washington Blvd., Chicago 6. Ill. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Ir- 
vington 11, 2} 
Natvar Corp., 207 


bridge, N. J. 

Varfiex Corp., 504 W. Court, Rome, N, Y 
Westinghouse Electric Cor Gateway 
Center, Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 

Borden Co.. 
Calif 


565 W 


‘Randolph Ave.. Wood- 


Resinite Dept., Santa Barbara. 


—* Co., Plastics Dept.. 

. 

Insulation Manufacturers Corp.. | 
Washington Blvd., Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Man- 
ufaeturing Co., 9 Argyle Terrace, Ir- 
vington 11. N. 

National Vuleanized Fibre Co.. 
ton 99, Del. 

Natvar Corp.. 207 Randolph Ave., 
bridge, } 

New Jersey Wood Finishing Co., 
Insulation ty Woodbridge, } 

Phalo Plastics Cup. 530 Boston’ Tpke., 
Shrewsbury, Mas 

Rogan Brothers, 
Skokie a 

Suflex Gorp.. 
N. 


Wilming- 
Wood- 


Electrica) 


8027 N. Monticello Ave.. 
33-32 57th. Woodside 177. 


United States Gasket Co.. Plastics Div. of 
The Garlock Packing ©o., Camden 1 
N, 

Varflex Corp.. 504 W. Court, Rome. N. Y 


TUBING, STEEL. See Steel. 
Forms and Grades. 


Commercia! 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp., North Chi- 
cago, Ill. 


a tay 4 & Co.. Inc., P. R.. Indianapolis 
d. 


TUNGSTEN WIRE, 
Engelhard 
num Div., 113 Astor 


MICA. 


PLATINUM CLAD 
Industries, Inc., Baker Pilati 
Newark 2, N. J 


UNDERCUTTERS, 
Undercutters. 


See Mica 


VACUUM TUBES. See Tubes. 
Ray; Tubes, Electron 


Cathode 


vase. MOTORIZED or SOLENOID 
OPERATED 
aaaa Switch Co., 50-M Hanover Rd.. 


Florham Park, 
Barber-Colman Co., 1803 Rock, Rockford. 


Controls Ce., of America, 9551 Soreng 
Ave., Schiller Park, IIL 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N 

ahjener Electric Valve Div.. New Britain 
Con 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa. 


VARNISHED 
Insulating. 


FABRICS. See Fabrics, 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

Borden Resinite Dept., 
bara, Calif 

Borthig Co., Inc., George C., 
v East Rutherford, N 

Corp... 


Santa Bar- 
242 Paterson 
Mich 


du_ Pont de Nemours & Co., (Inc.), E. 1., 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. 

Durez Plastics Div., Hooker Chemical 
Corp., 1309 Walck Rd., N. Tonawanda, 
N 


midland, 


General Electric Co.. 
Dept., Coshocton, 

Insulation Manufacturers Corp.. 565 W 
Washington Blvyd.. Chicago 6, Ill 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 

London Chemical Co., Inc., 1537 N. S3ist 
Ave., Melrose Park Til. 

Minnesota Mining & Mfg. Co.. utes 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif. 


oe aga Products 





The highest quality coils for 

ony opplicction with nylon 

coating which protects wind- 

ings under conditions others 

cannot match. These feotures 

ore available only with nylon 

plastic coils: 

®@ Fiexible — high impact 
strength 

® Unoffected by extreme 
temperatures 

© Withstands effects of deter- 
gents, acids, alkalis 

@ Provides good bearing 
surface 


PAT. PEND. 











®@ Integral mounting pads 
available 
®@ Reosonable cost 


For additional information . 
send for engineering bulletin #658 


Twelve stondard types of AC and DC for a wide variety 
SOLENOIDS of applications including military. Popular voltage 


ratings in stock. Write for latest complete catalog 
SOLENOIDS « COILS « ELECTRICAL COMPONENTS 


anderson controls, inc. 

QD General Office 
9959 Pacific Avenue * 
Gladstone 1-1210 


Franklin Park, Illinois 


Factories: Des Plaines, tll. & Woodstock, Ill. 


Circle 349 on page 17 











WIRES MARKED! 
Permanently... 





for marking 
cables, leads, 
and grouping 
wires! 





METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 


TERMINAL TAGS are rapidly replacing obsolete string and paper identifi- 
cation methods—they mark the end of identification problems! Made of 
aluminum, steel, brass, or zinc, in a variety of styles and sizes. TERMINAL 
1AGS are easy to apply, and are used in the manufacture of aircraft, 
radios, telephones, motors, generators, etc. They can be stamped or em- 
bossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 
P.O. Box 9-254, Newport, Ky. 
PHONE CO 1-2035 
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OPHAR 


-—~~~-WAXES 


~ 
7, 


~~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
Mayer, — Manager 
‘ S, ical Director 
H. S ders, Ge ical Laboratories 








Phone SOuth 8-0907 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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= MINIATURE 
WELDERS 


@ PRECISION BENCH WELDING 
HEADS for small parts and micro- 
scopic wires (.0005 to .1”) 

@ POWER PLANTS Stored Energy 

2 and AC timer models 

5 @ PORTABLE WELDERS for welding 
and tacking thermocouples and 
strainages. 

@ FLASH-FLOW TAPWELDER for po- 
tentiometers. 


Ask for data sheets and submit parts for free sample welds 
and specific recommendations for equipment and _ techniques. 


EWALD Instruments route 7H Kent, conn. 
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FOLDING DOUBLE CUPPED WASHER LUGS 


| oo Solderless mmm) 


Easy te Apply 
| moe No Special Tool Needed 
One-Piece Construction 


E -| Write for 
\ fp Bulletin 8-DF 
we 


KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 


e000 


Efficient in 
Service 


Circle 353 on page 17 


Sherwin-Williams Co., General Industrial 
_ Div., ee reg i =~ 

Silicones Div., 420 

York 17, N. Y. 

r ™ Gateway 

No. 3, 401 Liberty y tw 

Pittebargh 45 x 


Pa 
Zophar Mills, Ine., 112-136 26th, Breek- 
lyn 32, N. Y¥. 


VARNISHES, FINISHING. See Lacquers 
gee Paints and Varnishes. Finish- 
ng. 


VARNISHES, 
nishes. 


INSULATING. 
Compounds and Resins 


See Var- 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 

General Electric Co., qpoweres Sales Div., 
Schenectady 5, N 

Westinghouse Electric Gateway 
Center, Bldg. No. 3, 41 Diberty a 
Pittsburgh 30, Pa. 


VIBRATORS 
er ey 4 & Co., Inc., P. B., 


Oak Mfg. Co., 1260 N. 
Chicago 10, Il. 


WAXES and COMPOUNDS 

Biwax Corp., 3443 Howard, Skokie, Ill 

Dow Corning Corp., Midland, Mich 

General Electric Co., Laminated Products 
Dept.. Coshocton, Ohio 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave.. St 
Paul 6, Mi =. 

Sopher Mills, Inc... 


Indianapolis 


Clybourn Ave.. 


112-130 26th, Brooklyn 


WEDGES and PEGS, ARMATURE 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6. 

National Vulcanized Fibre Co.. 
ton 99, 


WELDING EQUIPMENT 

Ewald Instruments, Route 7H, Kent, Conn 

General Electric Co., Apparatus Sule» 
Div., Schenectady 5, a. Y. (Are) 
Westinghouse Electric Cor Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


WELD NUTS. 


nl 
Wilming 


See Fasteners 


WHEELS, BLOWER 


Torrington Manufacturing Co., Torrington 
Conn. 


WINDING ~—_—, See Coil Wind 
ing Machi 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury 20, Conn 
American Steel & Wire Div., U. S. Stee/ 
ae. Rockefeller Bidg.. Cleveland 13 
Anaconda Wire and Cyble Co., 25 Broad- 
way, New York 
Coe Brass & Copper. y*%. “Sub. of Ken- 
ecott Copper Corp., Waterbury 20. Conn 
comish cn Co., Ine., 50 Church, New 


N. ° 
Essex Wire Co., Wire and Cable Div.. 


Fort Wayne, Ind. 
General Cable Co., 420 Lexington 
‘Construction 


New York 17, N. 
General Electric Co., 
rials Div., Bridgeport 2, Conn. 
Page Steel & Wire Div., American Chain 
Cable Co., P.O. Box 692, Monessen, 
 . —- or Carbon Steel Armature 
and 
a 4 ‘Dodge Copper Products ok: 300 
ew 
me. ME, Alloy Metal Div.. H. K 
‘o.. Ine.. Riverside, N. 
Roebling’s Sons Corp., John A., 
oO ado | & Iren Corp., 


Sylvania ‘Electric Products, ip. 
Broadway. New York 19, N. Y. 


Ave., 
Mate 


Porter 


Sub. of 
Trenton 


1740 


WIRE and CABLE, 
Asbestos 


INSULATED 


ubber 
Varnished Fabric 
Thermoplastic 
Coaxial Cable 


Aneto Steel & Wire D 
Rockefeller tae! 


. U. 8. Steel 

"Cleveland 13, 
Ono 

American Super Temperature Wires, 
26 W. Canal, Winooski, (T 

Amphenol Electronics Tieice 
Ave., Chicago 50, ) 

Anaconda Wire and Gabe Co., #4 Broad- 
way, New York 4, a BCTX) 

Belden Mfg. Co.. ies" w. 
Chicago 44. Ti. (ABTX) 

Bridgeport Insulated Wire Co., 


Ine., 
1830 8. 54th 


vas Buren, 
ss a 


8 4 ,™ 
meets Copper Corp., Waterbury 20, Conn. 


Sub. of Miami Cop- 
Chester, N. Y. (TX) 
Corp., Wallingford. 
. 5@ Church, New 


Walling- 


Cc 
Chester Cable Corp., 
Co., 25 Hill, 
Continental ue 
Cornish Wire Co. Inc. 
York =. 4 


Eastern "satahebaih Wire Corp., 
ford, Conn. (ABCT 
Essex Wire Corp.. Wire and Cable Div.. 
Fort Wayne, Ind. ( ) 
General ee Corp.. ad Lexingten Ave.. 
or 


Eleetric Co., Construction Mate- 
Div., Bridgeport 2, Conn. ( 
Microdot, Inc., 220 Pasadena “ave., Se. 

Pasadena Calif (X) 
Phalo Plastic 530 Boston Tpke., 
Shrewsbury. Mass. 
Phelps Dodge Copper Products =. 300 
Park Ave., New York 22, N 
(ABCTX) 
si Corp 245 Hayward Rd., West Acton, 


ARS 


New Haven 4. 


John A., Sub. of 
Iron Corp.. Trenton 


Pawtucket, BR. I 


( 

Rockbestos P roducts Corp., 
Conn AT) 

Roebling’s Sons Corp.. 
c ‘olorado Fuel & 


Reval 
(AB 


J. 
Electric Corp., 
TX) 


WIRE FORMS. See Springs. Coil and 


lat; Stampings, Metal 


WIRE, MAGNET 

Acme Wire Co., 1255 Dixwell Ave... 
Haven 14, Conn. 

Anaconda Wire and _ Co., 25 Broad- 
way. New Yor 

Belden Mfg Oo. “ss Ww. Van Buren. 
Chicago 44, Til 

Bridgeport Insulated Wire Co., 58 Brook- 
field Ave., Bridgeport 8, Conn. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp.. Waterbury 20. Conn 
Electric Auto-Lite Co., Wire and Cable 
Div., Port Huron, Mich. 
Essex Wire Corp., Magnet 

Fort Wayne 6. I 
General Cable Corp 
New York 17, N 
General Electric Co., Construction Ma- 
terlals Div., Bridgeport 2, Conn. 
Phelps Dodge Copper Products Corp., Inca 
Manufacturing Div., Fort Wayne, Ind 
Rockbestos Products Corp., New Haven 4 
Conn. 


New 


Wire Div.. 
2 Lexington Ave.. 


John A., Sub. of 
Trenton 2. 


Roebling’s Sons Corp.. 
Gimate Fuel & Iron Corp.. 
J 


307 Marshall. 
Ine., 198 


Seregee mae Co., North 
Adam 
Ter sotite, 


ieouleted Wire Co., 
Main, Y. 


Tarrytown, N. 


WIRE, RESISTANCE 
Driver Co., Wilbur B.. 
Highway. Newark 4, N. 
Driver-Harris Co., Harrison, N. J. 
7 Corp., 3 Amelia Place, Stamford. 


Riverside. Alloy Metal Div., H. K. Porter 
. Inc., Riverside. N. J. 


1875 McCarter 


WIRE STRIPPERS. See Strippers. Wire. 


WIRE TIES 
Electrovert Inc., 489 
York 17 , A 


Fifth Ave.. New 


ZINC 


New Jame. Ripe Co., 160 Front, New 
98 





IS NATURALLY BEST‘... 





Specifications 





High Heat resistance and Dielectric Strength 
Chemically inert — non Hygroscopic 

Tough, Resilient — Low Space Factor 
Readily available according to ASTM 


For FREE copy of ASTM Specs. (D-351) 
or other information write to: 
MICA Importers Association, Inc. 
420 Lexington Ave., N. Y. 17, N. Y. 
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DYKEM 
STEEL BLUE 


Steps La 


KC ed with 
making Dies and | Hy 


8-oz. can 
Templates plying right at benc 


layout in a few minutes. 
i The dark blue background 


S makes the scribed lines = 


, show up in sharp relief, 
prevents metal glare. In- 


creases efficiency and & 
accuracy. & 


Write for sample 


on company letterheod = 


DYKEM COMPANY 
2303F North 11th St. © St. Louis 6, Mo. 


Popular Feckees, is = 


Bakelite cap holding = 
soft-hair brush for = = 


metal surface ready for = 








. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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Reprints now available 


on Ira Ritow’'s 


practical guide to 


Slide-Rule 
Mathematics 


This two-part article, concluded in the April 
issue, offers a really practical treatment of the 
theory and use of the engineer's prime com- 
puting instrument, the slide rule. It includes 
well illustrated instructions for the use of all 
conventional slide rule scales and the circular 
rule. 


Reprint copies of the complete article are avail- 
able at $1.00 each; in quantities of five, 90 cents 
each; in quantities of twenty-five, 75 cents each. 
Send remittance, adding 3 per cent for New York 
City delivery, to Reader Service Department, The 
Gage Publishing ns aed 1250 Sixth Avenue, 
New York 20, N. 








SEPTEMBER 1958 


and the Chef is « 


MILLER-HARRIS 
Automatic Timer Control 


designed for the famous 


Combination Soup and 
Food Counter Kitchen 


To heat soup, knob is turned 
to the right. Two minutes 
later, timer cuts off cur- 
rent and buzzes. To heat 
chili or beans, knob is 
turned to the left. Timer 
cuts off heat in 24% min- 
utes, waits a half minute 
for heat to be absorbed, 
then buzzes until food is 
picked up. 
MILLER-HARRIS makes 
a complete line of buzzer 
timers. 


30 BASIC MODELS 


of MILLER-HARRIS TIMERS 


offer Better Timing for Your Product too! 


Model 116 
Manual set 
interval timer 


Model 110 
Push-button operated. 
Fixed time cycle. 





* Hundreds of adaptations from existing units 
* Complete engineering service 


* Volume production — Speedy delivery 


Got a timer control problem? For a 
fast, low-cost and correct solution, let 
Miller-Harris specialists put their years 
of experience to work for you. Miller- 
Harris controls are standard equipment 
on many of America’s best known, 
best-selling products. 

Whether you need a “standard” or 
“special” timer, you’ll find many qual- 
ity and cost-saving advantages in the 
bigger, better selection of Miller-Harris 
time controls. 

Write or call today! We’ll be glad to 
discuss your timer needs, at no obli- 
gation. 


Mode! 100 


Panel mounting timer 


Many other types of timers available. Send 
for illustrated Miller-Harris brochure. 


MILLER-HARRIS INSTRUMENT = 


611 


EAST ODGEN AVENUE ° MILWAUKEE 2 
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\ 


PiC-600 : 
ELECTRIC COUNTERS 


Basemount 
Knob reset 
50 Million Count Life 


7 watts power consumption— _ 
operable in plate circuit of 
electronic tubes. 


1000 CPM rating—reliable to 
1600 with suitable actuation. 


Quiet—no AC hum. 


Balanced armature—for reli- 
ability on airborne equipment. 


SLRIWOMLSAD wo ICbHe 


009-9 4« 


Panelmount, knob reset 


Panelimount, key reset 








See your 
PIC 


we Stroke C 
Distributor ounters. 
or send Revolution Counters 


for Electric Counters 
Catalog. and Actuators, 

Coil Winding Counters. 
Automatic Batch Counters, 
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of Great Sensitivity 





Minimum Operate Milliwatts 





SPDT DPDT 3PDT 4PDT 




















60 120 200 300 





Long Time Delay 








Operate Delay up to .15 sec. 
Release Delay up to .25 sec. 








and Tremendous Life 


A unique, pin-type armature hinge, with stain- 
less steel pin and heavy duty yoke with precision 
reamed over sized bearing surfaces assures re- 
liable operation through long service with mini- 
mum adjustment. 

Available with wide selection of contacts 
ranging from bifurgated gold alloy for dry 
circuits to 10 ampere heavy duty. 

For DC operation with 12 contact arms per 
stack (24 arms per relay). 

For direct AC operation with 6 contact arms 
per stack (12 arms per relay). 

Full wave rectified for operation from all 
AC frequencies (25 to 400 cycles) with 12 
contact arms per stack (12 arms per relay). 
Also available with plug-in mounting and 
hermetically sealed or dust tight enclosure. 
Can be furnished to meet military specifica- 
tions for shock and vibration; also to with- 
stand wide temperature variations. 


Literature mailed promptly on request. 


MAGNECRAFT 


Electric Company 
3350 A W. Grand, Chicago 51, Ill. 
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THE RELIANCE SUPER ‘T’ 


Here is a motor built to make maximum 
use of d-c. flexibility. The Super ‘T’ puts 
Dynamic Response into starts, stops, and 
speed changes. Dynamic Response gives you 
a 50% increase in torque and a 50% decrease 
in reaction time. 


This top performance is due to advanced 
balanced design. Lighter, small diameter 
armatures cut mechanical inertia 50%. Su- 
perior Class B insulation, gives extended 
life even at temperatures as great as 130°C. 


A New Kind of D-c. Motor With DYNAMIC RESPONSE 


Top grade insulation plus engineered ven- 
tilation lets the Super ‘T’ take tremendous 
overloads. In fact, the Super ‘T’ can develop 
double normal horsepower during starts, 
stops, and speed changes. 


The Super ‘T’ is a compact power pack- 
age, designed inside and out for tough 
industrial service. From appearance to per- 
formance, the Reliance Super ‘T’ with 
Dynamic Response is today’s most modern 


industrial motor. 
C-1577 


RELIANCE incincraine co. 
ENGINEERING CO. 
DEPT. 279A, CLEVELAND 17, OHIO 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in principal cities 
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ACTUAL SIZE 


+ a 


L 


SERVO MOTOR 


Input Power 
ELD) 
3.8 watts 
Stall Torque 
15 02 in min. 
-20 02 in nom. 
Max. Weight 
29 gms. 


SERVO MOTOR 


Input Power 
(total) 
5.6 watts 
Stall Torque 
3 02 in min. 
No Load Speed 
6500 rpm min. 


HANGED AND PROVEN 


MOTOR 
GENERATOR 


Generator 

Input Voltage 
10 v 

Output Voltage 
0.13 ¥ /1000 
rpm max. 


DC MOTOR 


Output Power 
4.0 watts 

No Load Speed 
20,000 rpm 

Input Voltage 
28 vy DC 


=| i 


fie CF + 


LINEAR 
TRANSFORMER 


Linearity 
4 

Null E at EZ 
015 ¥ 

Phase Shift 
15 deg. lead 


TRANSMITTER 


Accuracy 

7’ error max. 
Null 

30 mv max. 
Phase Shift 

8.5 deg. lead 


RECEIVER 


Accuracy 
30’ max. 
error spread 
Torque Gradient 
2200 mg-mm/ 
deg. 
Input Power 
54 watts 


CONTROL 
TRANSFORMER 


Accuracy 

1’ error max 
Null 

30 mv max. 
Phase Shift 

8.5 deg. lead 


DIFFERENTIAL 


Accuracy 

1’ error max 
Null 

30 mv max 
Phase Shift 

9 deg. lead 


RESOLVER 


Accuracy 

1’ error max 
Null 

30 mv max. 
Phase Shift 

11 deg. lead 


p 
— 
= 
g 
© 
c 
oa 
So 
~- 
J 
= 
~ 
= 
u 





